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EDITOR’S NOTES

The contents of this volume are the results of
some of the scientific reports presented at a collo-
quium on the ecology and taxonomy of African
small mammals hosted by Carnegie Museum of
Natural History from 19 to 22 September 1977. In
all, forty-one persons who generally specialize in
research on African small mammals responded to
invitations and met during that period; some pre-
sented results of their research during formal morn-
ing sessions but, perhaps more importantly, all
joined in afternoon discussions centered around an
attempt to increase the international cooperation
and coordination of research on a continental basis.
Such an approach is becoming more important with
the increasing cost of research, changing environ-
ments and destruction of some ecosystems, and po-
litical instability in Africa. Studies of medical zo-
ology in Africa continue to point out the need for
continent-wide studies of taxonomy and long-term
studies of ecology of potential small mammal hosts
of disease vector and reservoirs of causal organ-
isms. Changing weather patterns with protracted
droughts, and increasing population growth out-
stripping food supplies, make it necessary that as
little of the resources as possible be lost to small
mammal damages. Finally, there has been a tre-
mendous upsurge in interest in African mammals
on the part of conservationists, particularly regard-
ing endangered species and the potential extinction
of some gene pools.

The state of research on ecology and taxonomy
of small mammals in Africa is a number of decades
behind that of Europe and North America. The con-
tents of this volume will amply indicate the differ-
ences in approach to solving the various problems
and the general ‘‘state of the art” in this area of
research. Only through cooperation and coordina-
tion of research efforts can the highest return be
obtained.

Because of limited logistical support and facili-
ties, the number of participants invited to this col-
loquium was kept low. If another is scheduled in
the near future, perhaps wider participation among
specialists will be possible.

Individual papers in this volume have been ar-
ranged in generally accepted phylogenetic order re-
gardless of topic, beginning with elephant shrews
and continuing through hyraxes. Near the end are
the papers dealing with speciation and biogeogra-
phy; these are followed by a review of published

karyological data for African mammals. The final
paper discusses problems and priorities of research
on the taxonomy and ecology of African small
mammals. From an editorial standpoint, an attempt
was made to get as much uniformity of style as
possible without significantly changing the context
of the manuscripts.

The completion and publication of this volume
would not have been possible without the unselfish
support, cooperation, and encouragement of Hugh
H. Genoways, Publications Editor, Carnegie Mu-
seum of Natural History. I am deeply indebted to
him for all of this help. My thanks go also to Teresa
M. Bona, Technical Assistant for Publications, who
was helpful beyond the requirements of her job in
retyping, editing, and checking of manuscripts, and
in keeping records and addresses; Stephen L. Wil-
liams, Associate Editor, for working with the fig-
ures; and Nancy Perkins for enhancing some of the
figures. My warmest thanks must go to the individ-
ual contributors for their cooperation and support
in putting together this volume.

The colloquium which precipitated this volume
would not have been possible without the active
support of a number of people. Chief among these
are the people who helped house and feed the par-
ticipants and furnished transportation to the collo-
quium site. Suzanne Braun, Cathy H. Carter, Mur-
ray H. de la Fuente, Stefannie B. Elkins, Hugh H.
Genoways, Joyce Genoways, Caroline A. Heppen-
stall, Mary Ann Jones, Thomas J. Mclntyre, Su-
zanne McLaren, R. Laurie Robbins, Judith Schlit-
ter, Pierre Swanepoel, Daniel F. Williams, and
Stephen L. Williams all helped in many ways.
Mary H. Clench, Albert O. and Gilbert O. Lenhart,
and Dan Roslund worked hard to assure that the
colloquium site was satisfactory. I want to thank
William and Ingrid Rea and Graham and Jane Net-
ting for offering sleeping quarters for a number of
the participants. The Market Spot, Bud’s Bakery,
Valley Dairy, Goodman’s Distributing Co., and
William Downs, Penn State University Southwest-
ern Regional Experimental Farm, helped assure
that all were well fed. Ruth Scott and Martha Shope
allowed us the use of various personal items of fur-
niture. William Campbell, Carnegie Institute Caf-
eteria, was helpful in acquiring various items. Ann
R. Nieser and Flora Gibson typed many invitations
and proposals. I am grateful for the help and sup-
port of all of them.
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A portion of the travel support of some of the
participants from Africa was made possible by a
grant from the Office of International Programs,
National Science Foundation (INT77-08721).

Whatever success this colloquium enjoyed is di-
rectly related to the support of Craig C. Black, Di-
rector of Carnegie Museum of Natural History. Al-
though the idea for such a colloquium was
formulated in 1972, it was not possible to begin se-
rious planning until 1976. At this time, Dr. Black
pledged his support and helped make it financially
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possibie to have such a colloquium and to publish a
volume of proceedings resulting from it.

Finally, 1 want to thank Karl F. Koopman of the
American Museum of Natural History, New York,
for serving as Honorary Chairman. I am grateful
that he would lend his support to the idea of a col-
loquium. During the colloquium he freely offered
the stability and knowledge gained by his years of
experience to insure that an atmosphere of profes-
sionalism was maintained throughout the meeting.

DUANE A. SCHLITTER



EVOLUTION OF THE RUMP REGION IN THE
GOLDEN-RUMPED ELEPHANT-SHREW

GALEN B. RATHBUN

Department of Zoology, University of Nairobi, Nairobi, Kenya
{present address: Office of Zoological Research, National Zoological Park,
Smithsonian Institution, Washington, D.C. 20008 U.S.A.)

ABSTRACT

Ritynchocyon chrysopygus has a distinct rump patch, which
lies just above an area of exceptionally thick skin (‘‘dermal
shield’’). The possible function(s) of these structures are dis-
cussed in relation to published hypotheses for the evolution of
other mammalian rump patches and dermal shields. It is sug-

gested that conspecific territorial aggression and diurnal preda-
tion have resulted in the two structures evolving both as a mor-
phologically protective conspecific target organ and a pursuit
invitation signal.

INTRODUCTION

The literature dealing with the function of mam-
malian rump patches not only contains several dif-
ferent hypotheses for their evolution, but also, in
some cases, attempts to explain the occurrence of
nearly all mammalian rump patches with one model
(Smythe, 1970a; Guthrie, 1971). In this paper I will
consider some of these hypotheses in terms of life-
history data from an elephant-shrew (Macrosceli-
dea), which suggests that some rump patches have
evolved due to more than one selection process and
serve multiple functions. In the development of the
multifactor hypothesis, it should become clear that
it is unrealistic to apply any one explanation for the
evolution of rump patches to all mammalian taxa.

The golden-rumped elephant-shrew, Rhyncho-
cyon chrysopygus Giinther, is restricted to the open
forests and woodlands of coastal Kenya north of

Mombasa. It is the largest elephant-shrew species,
weighing about 540 g and having a head-body length
of about 280 mm (Fig. 1).

I began a 21-month field study of free-living R.
chrysopygus at the Gedi Historical Monument (20
km south of Malindi) in April 1971. The 44-ha mon-
ument is covered with lowland, semi-deciduous for-
est with a 20-m high canopy. The forest floor is
relatively open and covered with a carpet of dead
leaf litter throughout the year (Fig. 2).

Animals were driven into fishing nets strung
loosely along the ground. Each individual was fitted
with a distinct combination of colored bird bands
on its rear legs before being released. Behavior of
marked animals was studied by systematically
walking a trail grid through the forest.

RESULTS AND DISCUSSION

Life History

R. chrysopygus is diurnal, spending nearly 75%
of the day slowly walking along the surface of the
forest floor noisily probing for invertebrates with its
long nose and forefeet (Fig. 2). It neither climbs nor
burrows, but is capable of very swift cursorial lo-
comotion. During the night it sleeps in a dry leaf
nest on the forest floor. The individuals of monog-
amous pairs occupy equal, congruent territories
(mean 1.7 ha) which they defend sex-specifically.
Territorial defense involves linear chases, one ani-
mal running behind another, until the intruder is
driven over a boundary. The long canine teeth of
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adults are probably associated with this aggression.
Pair-bond behaviors are infrequent, yet the pair is
stable over time, changing only when an individual
disappears. The animals breed continuously
throughout the year. Adult coloration is exhibited
at birth by the single, precocial young weighing
about 80 g. It is weaned when it first emerges from
the nest, about 2 weeks after birth. It then fol-
lows its mother around for 2 or 3 days before be-
coming almost completely independent on the pa-
rental territory. There is no parent-young aggression
and subsequent offspring may simultaneously oc-
cupy the parental territory.
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The southern-banded harrier hawk (Cicaetus fas-
ciolatus), black mamba (Dendroaspis polylepis), co-
bras (Naja spp.), and man are known predators.
The elephant-shrew’s reaction to potential preda-
tors is very similar to many ungulates (Eisenberg
and Lockhart, 1972). It freezes at the first sign of
danger, but if further disturbed, walks slowly away,
loudly slapping its tail on the dead leaf litter; or it
runs away in a gait that is like that of a stotting
gazelle; or it flees at full speed, loudly hammering
the leaf litter with its rear legs. In all cases it nor-
mally stops just within sight of the predator, and
pauses until the latter makes another move. Then
it either takes flight again or, after 5 to 15 min, si-
lently disappears into the forest. If two or more
individuals are disturbed, they flee in different di-
rections. Once established on a territory, R. chry-
sopygus may live to be 3 or 4 years of age. The life
history of this elephant-shrew is documented in
more detail in my dissertation (1976) and mono-
graph (in press).
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Fig. 1.—Adult Rhynchocyon chrysopygus, illustrating the distinct golden rump patch.

During the behavioral work 1 collected monthly
specimens for reproductive and diet studies. This
material was taken from the nearby, structurally
similar Arabuko-Sokoke Forest, in an area which
was scheduled for clear-cut and burning. While pre-
paring study skins from these specimens, differ-
ences in skin thickness were noticed. On several
skins the subdermal muscles were carefully re-
moved and then a grid was inked on the inner sur-
face of the fresh, flat skins. Thickness was mea-
sured with a screw-gauge micrometer. Hair lengths
were measured from randomly chosen hairs cut
from the surface of study skins.

The Rump Patch

Both sexes have a distinct golden rump patch,
which is only slightly erected when the animals are
excited or stressed. There is no difference in the
extent of rump patch coverage between the sexes.
Rump hair is longer than hair on the middle of the
back (means = 22.2 mm and 16.6 mm, respectively;
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Fig. 2.—Predator’s view of a foraging adult Rhynchocyon chrysopygus on the open, leaf-littered forest floor at Gedi Ruins.

20 specimens, 15 hairs each). The rump hair length
of females is significantly longer than that of males
(means = 23.0 mm and 21.4 mm, respectively; 10
specimens each, 15 hairs/specimen; P < 0.001,
t-test). The 1.6 mm difference between the means is
so small that it is doubtful whether it has any appre-
ciable visual effect. This is especially true when
considered in relation to the overlap between the
range of mean rump hair lengths for the different
individual female and male specimens (20.4 mm-
27.2 mm and 19.1 mm-24.2 mm, respectively).

The Dermal Thickening

In both sexes the skin under the rump patch is
thicker than on the middle of the back (Figs. 3 and
4). This is most pronounced in males. One normal
adult male specimen had rump skin that was three
times thicker than on the back. Histological exam-
ination of an adult male’s rump skin shows that
there are no unusual features except for its thick-
ness (Fig. 5). Subadult animals do not show dermal
thickening. It is probable that the shorter rump hair

in males is a secondary effect of their thicker rump
skin. If hair length could be measured from follicle
tip to hair tip, there probably would be no signifi-
cant difference in length between the sexes.

When all visible, small body scars from 84 study
skins are cumulatively plotted on a skin-map, they
all fall on or very near the rump patch (Fig. 6). Male
skins have proportionally, but not significantly,
more scars than females (P < 0.5, y%test). I think the
most likely explanation is that these scars result
from canine wounds inflicted during intraspecific
aggressive chases.

Sexual Dimorphism and Sex-Specific
Behavior

The only externally visible sexual dimorphism is
the much longer male canine tooth. Ten adult fe-
male and 10 adult male specimens had significantly
different canine lengths (Table 1; see Ansell and
Ansell, 1973, for a similar condition in Rhyncho-
cyon cirnet).

There is evidence that males were more intensely
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Skin thickness along mid-dorsal line

40 1

>
()
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thickness in mm

distance from tail base in mm

Fig. 3.—Skin thickness of an adult male and female Rhynchocyon chrysopygus.

territorial than females, for they scent marked,
‘‘violated’’ territorial boundaries, and were in-
volved in interpair aggressive encounters more fre-
quently than females (Table 1). Aggressive encoun-

Table 1.—Sexual dimorphism and sex specific behaviors in
Rhynchocyon chrysopygus.

Chi-square
on original
Trait Female Male data
Mean
canine
length 4.6 mm 6.6 mm P < .001
Scent
marking* 3.3% 9.7% P < .001
Territorial
violations* 3.1% 12.2% P < .001
Interpair
aggressive
encounters* 1.0% 1.3% P<.5

* 9% of total sightings.

ters were infrequent events, but in a 1 week
period I saw the same two females chase one an-
other many times, which is very unusual. These
data contribute to the lack of significance between
the levels of male and female aggression in Table
1.

Hypotheses for the Evolution of
Dermal Thickening

If dermal thickenings function as protective
shields from dense vegetation, as proposed by Du-
bost and Terrade (1970) in the chevrotain, Hye-
moschus aquaticus, and in duikers, Cephalophus
spp., then some substantial difference in behavior
between the sexes would be expected to explain the
sexually dimorphic thickening. This reasoning also
applies to the idea that dermal thickenings may
serve as a protective device against predators. No
differences in behavior were observed that would
support either of these two hypotheses for R. chry-

sopygus.
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Fig. 4.—Skin thickness and rump patch location on an adult male Riiynchocyon chrysopygus. Solid-line arc represents rump patch
margin, dotted-line arc the 2.0 mm thickness contour of the dermal shield.

It has been suggested that thick rump skin may
serve, in some way, to erect the rump patch. The
male rump patch does not appear any more or less
erectile than the female’s, and there is no histolog-
ical evidence for such a mechanism in the skin (Fig.
).

The mountain goat, Oreamnos americanus, 1s
described by Geist (1967) as having a ‘‘dermal
shield’” where injury would most likely occur dur-
ing conspecific fighting. Jarman (1972) found a sim-
ilar structure in the territorial impala, Aepvceros
melampus. Perhaps R. chrysopygus has evolved a
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Fig. 5.—Longitudinal section of rump skin from an adult male
Rhynchocyon chrysopygus. m = subdermal muscle. f = hair
follicle. d = dermis.

dermal shield in response to territorial interpair
aggression. This hypothesis is supported by the el-
ephant-shrew’s large canine tooth, fighting behav-
ior, dermal shield location, cumulative scar pattern,
and the thicker shield in the more intensely terri-
torial male.

Hypotheses for the Evolution of
the Rump Patch

Guthrie (1971), stimulated by Geist’s ideas (1971)
on mountain sheep (Ovis canadensis), proposed
that mammalian rump patches evolved as intraspe-
cific appeasement or submission signals. These sig-
nals function by changing a dominant animal’s
aggression to a sexual behavior due to the rump
region’s association with copulatory displays.
Guthrie (1971) also suggests that other rump patch
functions may be secondarily derived from the orig-
inal submission/appeasement function. Kleiman
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(1974) suggests that the various rump displays in
the hystricomorph rodents have secondarily evolved
different functions from the original sexual func-
tion. I never observed any specific elephant-shrew
rump patch display behavior that would support
Guthrie’s ideas for R. chrysopygus. In this elephant-
shrew, the process of redirecting aggressive behav-
iors to sexual behaviors by a rump patch display
would presumably not function in female-female
encounters because a rump display would not stim-
ulate a female sexually. This would result in only
males evolving the rump patch, which is not the
case in R. chrysopygus.

It has been suggested that a rump patch may in-
crease the golden-rumped elephant-shrew’s crypsis
in the patchily-lighted, dry-leaf littered forest floor.
It is my experience that the animals are not visually
or behaviorally camouflaged. Their dark bodies
contrast greatly with the light rump patch and leaf
litter (Fig. 2), and the elephant-shrew’s fleeing be-
havior does not indicate that it is relying on crypsis
as a defense mechanism against detection by poten-
tial predators.

There is little evidence to support the hypothesis
that R. chrysopygus’s golden rump functions as an
intraspecific predator warning signal, as proposed
for the rump patch of fallow deer, Dama dama
(Alvarez et al., 1976). R. chrysopygus pairs were
only rarely within visual contact of each other (less
than 20% of my sightings) and because the rump
patch is not highly erectile, there is no distinct on/
off mechanism, which would be necessary if it were
to function in this manner. There is some evidence
that the tail slapping and rear-leg hammering be-
haviors can serve as warning signals (Rathbun,
in press).

It has been suggested that the elephant-shrew’s
rump patch is a visual cohesive signal between the
newly emergent young and a parent, helping to
maintain a close distance between a pair while they
forage. This function would be the visual equivalent
of the auditory stridulating organ in the tenrec
(Hemicentetes semispinosuts;, Eisenberg and Gould,
1970). The juvenile cohesive signal function is not
consistent with the lack of a father-juvenile bond
and the presence of a rump patch in male R. chry-
sopygus.

Hirth and McCullough (1977) present data to sup-
port an antipredator cohesive signal function for the
tail-flagging display of the white-tailed deer, Odo-
coileus virginianus. In this case, the individuals of
the prey species benefit by a coordinated flight from
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Fig. 6.—Location of |3 dermal scars (five female and eight male) from 43 female and 41 male Rhvnchocyon chryvsopygus study skins.

a predator, which is signalled by the rump display.
The dispersed nature of the elephant-shrews, to-
gether with their flight in different directions when
disturbed, does not support the antipredator cohe-
sive signal function for the golden rump of R. chiry-
sopygus.

Smythe (1970a, 1977) suggests that rump patches
may serve as predator “‘pursuit invitation signals.”’
By stimulating a predator to attack prematurely, a
healthy individual is able to flee successfully and
the location and intent of the predator are revealed,
thereby reducing the danger of ambush. Smythe
(1970a) suggests that stotting-like gaits and rump
patch displays are used to invite pursuit. R. chry-
sopygus 1s probably frequently preyed upon by the
harrier hawk, which hunts visually by perching 2 to
4 m above the relatively open forest floor waiting
for an opportunity to make a quick, concealed am-
bush (Rathbun, in press). This is precisely the type

of predation needed for visual invitation signals to
evolve. The structure of the Kenyan coastal forest
results in direct-line visibility being restricted to
about 10 m, which is conducive to the evolution of
auditory invitation signals. [ believe the golden-
rumped elephant-shrew’s rump patch and behav-
ioral complex of stotting, rear leg hammering, tail
slapping, and short, obvious flight followed by a
pause, are directed toward diurnal bird and mam-
mal predators in an attempt to attract their attention
and induce their exposure and/or premature attack,
as proposed by Smythe (1970a, 1977).

The three allopatric species of Rhivachocyon oc-
cupy similar habitats, and except for distinctly dif-
ferent body coloration, their morphology is very
similar (Corbet and Hanks, 1968). Kingdon (1974)
has suggested several explanations for the variation
in color. He thinks the checkered back and rump
of R. cirnei may be an adaptation for camouflage,
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whereas the difference between Rhynchocyon pe-
tersi, with its pure black back and rump, and R.
chrysopygus may be related to differences in sexual
behavior which evolved as an ‘‘ethological bar-
rier.”” More information is needed on the ecology
and behavior of the Rhynchocyon species in order
to verify these ideas.

I have discussed briefly some hypotheses which
might conceivably explain the evolution of the
dermal shield and the rump patch in R. chry-
sopygus as though the two structures were unrelat-
ed in this animal. The dermal shield lies directly
beneath the rump patch (Fig. 4) and 1 feel that there

NO. 6

is probably an integrated function in the two struc-
tures. The rump patch may serve as a conspecific
target organ, attracting the blows of a pursuing el-
ephant-shrew to a region of the body, which is not
only relatively immune to serious injury, but also
morphologically adapted to receive the blows. This
is a similar mechanism to the ‘‘deflective marks™’
extensively described by Cott (1940), where a pred-
ator is attracted to a less vital part of the body by
a very distinctive coloration or marking. In the case
of the elephant-shrew, the predator is a conspecific
individual defending its territory through aggression
and the distinctive mark is the golden rump.

CONCLUSIONS

I think the data for R. chrysopygus support a
multifactor explanation for the evolution of its rump
patch. The location of the dermal shield, the scar-
ring pattern, and the aggressive behavior indicate
that the rump patch, with its very distinctive col-
oration, may serve as a conspecific target organ.
On the other hand, because there is no significant
sexual dimorphism in the rump patch corresponding
with the rump skin, this suggests that the patch may
have an additional, even distinct, function. The el-
ephant-shrew’s attention-gathering behavior while
fleeing a potential predator, and its distinct rump
patch, support Smythe’s predator pursuit invitation
hypothesis (1970a, 1977). Predator selection pres-
sure probably acts equally on both sexes, resulting
in the male and female rump patches being equal in
size. Thus two distinct selection pressures, conspe-
cific territorial aggression and diurnal predation, are
probably involved in the evolution of the rump
patch in R. chrysopygus.

It is unlikely that the dual rump patch function
proposed for the elephant-shrew can be used as a
general model for mammalian rump patch evolu-

tion. It is inappropriate to try to apply models de-
veloped for relatively social animals, such as many
of the larger ungulates (Hirth and McCullough,
1977), to less social species. It would, however, be
interesting to compare mammals that have similar
life histories, such as R. chrysopygus and an agouti,
Dasyprocta. The latter inhabit South American for-
ests, and, like R. chrysopygus, are diurnal, curso-
rial, territorial, probably monogamous, and some
bear a distinct rump patch (Morris, 1962; Smythe,
1970b). The yellow-back duiker, Cephalophus sil-
vicultor, may also be comparable to R. chrysopy-
gus.

If the rump patch functions proposed above for
the golden-rumped elephant-shrew are valid, and
Geist (1971), Alvarez et al. (1976), and Hirth and
McCullough (1977) are correct in their interpreta-
tion of rump patch function in the species that they
consider, it would not only seem fairly certain that
rump patches have evolved independently several
times within the Mammalia (Guthrie, 1971), but
probably also due to several different selection
pressures.
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REVIEW OF DRINKING BEHAVIOR OF AFRICAN FRUIT BATS
(MAMMALIA: MEGACHIROPTERA)
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ABSTRACT

Certain captive African Megachiroptera drink regularly from
a hanging posture. There are very few reports of these animals
drinking in the wild, nearly all claiming that they would drink by
skimming over open water surfaces and scooping water or wet-
ting their fur and licking water from this afterward. This paper

summarizes and critically deals with the literature on the subject,
and presents some new evidence suggesting that the skimming
maneuvers of some fruit bats might serve a purpose other than
drinking. The discussion includes some related observations on
Australasian Megachiroptera.

INTRODUCTION

Little has been written about possible drinking
habits of African Megachiroptera in the wild. About
fruit bats in general Novick (in Novick and Leen,
1969) wrote: **Fruit bats like the flying foxes and
their smaller relatives rarely drink water, apparent-
ly they derive all the water they need from their

moist food.”” Rosevear (1965) stated about
West African fruit bats that ‘‘the demand of the
body for water must be satisfied . . . to a consid-

erable extent by the intake of liquified fruit pulp or
floral nectar.”” Indeed one might expect that these
animals, whose diet probably consists mainly of
Jjuicy fruits and equally water-rich nectar, would not

need to drink water too. There are reports however
which suggest that at least some wild fruit bats do
drink. Two ways of drinking have been described,
the first for captive animals and the second for an-
imals in the wild. Quite a few species of Megachi-
roptera have been kept in captivity, but hardly any
author paid attention to whether or not his animals
drank. Notwithstanding discussions of their diet, it
may not even be stated if water was offered (for
example, Blackwell, 1966, 1967; Brosset, 1966a;
Coe, 1976; Jones, 1972; Lawrence and Novick,
1963).

DRINKING RECORDS

Kulzer (1958, 1969) related how his captive Rou-
settus aegyptiacus (Geoffroy, 1810) and FEidolon
felvum (Kerr, 1792) drank water from bowls, rap-
idly with their tongues, in a dog-like manner. Rou-
settus came down to the cage floor to drink, but
Eidolowy preferred to remain hanging. This is most
probably related to the ability of Rousettus aegyp-
tiacus to take flight from an even surface without
effort, as I have observed in the zoo in Amsterdam
where a small number of unknown provenance is
kept (1977), and the apparent lack of this ability in
Eidolon (Kulzer, 1968). At Windhoek, Namibia, Dr.
C. G. Coetzee kept a crippled specimen of Eidolon
helvum, which drank regularly from a bowl (per-
sonal communication, 20 September 1977.) Brosset
(1966b) observed wild Eidolon helvumi, probably in

northeast Gabon, drinking from the sap of palm
trees, which had been collected by Africans for the
production of palm wine. As far as I know this is the
only record of wild African Megachiroptera drink-
ing in a manner more or less comparable to that
observed by Kulzer (1958, 1969) in his captive spec-
imens.

The other manner of drinking described for some
Megachiroptera is to skim close to the surface of
water and, in some way or other, take in water. In
1841, Prof. J. A. Wahlberg observed unidentified
fruit bats near Port Natal (=Durban), South Africa,
drinking in this way (Petermann, 1858). Rousselot
(1950) related how he saw Eidolon heivim and
Epomophorus gambianus (Ogilby, 1835) flying so
close to the surface of a river that they could wet
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their ventral fur from which they would lick the
water afterward. He observed Eidolon doing so at
Ségou in Mali, and observed Epomophorus gam-
bianus both at Ségou and at Maradi in Niger but
does not state where he saw this species perform
in this manner. Rosevear (1965) suggested that in-
sectivorous bats would exhibit this behavior much
more often than fruit bats would, but does not seem
to have observed fruit bats drinking in this way him-
self. Novick (in Novick and Leen, 1969) mentioned
the habit for insectivorous bats but, as appears from
the above quotation, remained equally vague about
fruit bats on this point. The ornithologist Mr. Roy
Parker, at the time Curator of the Zoology Museum
of the University of Ibadan, Nigeria, told me that

he had often seen how Eidolon lielviimn came down
at dusk to the water of the swimming pool of the
Staff Members Club on the campus of the univer-
sity. He believed the animals to be drinking (per-
sonal communication, August 1976). Dr. M. El Ray-
ah saw Eidolon helvum skimming over the water of
the Nile at Khartoum in Sudan, but did not observe
further details (personal communication, 20 Sep-
tember 1977). At Makokou, northeast Gabon, Mr.
J. Bradbury kept Hypsignathus monstrosus Allen,
1861, in captivity in a large enclosure with a large
bowl of water on the floor. This bat regularly drank
by scooping water with its mouth while flying low
over the bowl (Dr. P. Charles-Dominique, personal
communication, 20 September 1977).

PADDLING BATS

When traveling through Nigeria in the summer
of 1976 1 stayed for 2 weeks in Pandam Wildiife
Park, a small game reserve just north of the village
of Pandam (9°15’'N, 7°50’E) that includes the 2
square mile Lake Pandam. There I enjoyed the hos-
pitality of the zoologists Chris Smeenk and his wife
Nellie, who told me of their observations of Eidolon
helvim skimming over the lake. According to them,
Eidolon did not drink when close to the water sur-
face but touched it with its legs. On 7 July 1976, the
three of us made a canoe trip on the lake for a more
detailed study of this phenomenon. At twilight,
from approximately 1840 to 1920 h, hundreds of
Eidolon approached the lake, all coming from the
southwest and eventually continuing roughly to the
northeast. Only a few bats continued their flight
without interruption. Most of them, when they had
reached open water (much of the lake was covered
with water lilies), came down to it in one circular
movement (infrequently two or three circles were
described). Then they flew parallel with and very
close to the water surface for a short time and at a
certain moment dipped their hind legs into the
water. This dipping lasted much less than a second.
Thereafter they flew up and continued on their way.
A striking detail was the apparent hesitation, which
most bats showed in their movements before dip-
ping. We observed several individuals, who at the
last moment refrained from dipping and continued

on their way without having dipped. However, we
also saw a small number of bats who dipped more
than one time. These continued flying low over the
water after their first dip, and dipped up to four
times. On one occasion I counted five dips. These
repeated dips followed shortly upon one another,
reminding one of a well flinched drake-stone. After
that these bats also resumed their flight, undoubt-
edly towards their feeding grounds.

The bats flew in small groups of a few dozens or
less, arriving at different times during about 40 min,
and all these groups displayed the described behav-
ior. This enabled us to focus on new individuals and
observe this behavior many times. Nevertheless, it
was very hard to establish what was actually hap-
pening. The bats kept considerable distance, ap-
parently avoiding our presence. It proved moreover
very difficult to observe correctly what was hap-
pening at the division of air and water, and of
course our sight was hindered by the gradual fading
of light.

Later I heard of a possibly similar observation.
The zoologist Rob Robelus told me that he had
watched large bats skimming over the water of a
swimming pool at Bébédjia near Moundou, in
southwest Tchad, in September 1969. These bats
touched the water with some part of their ventral
side, but were not believed to be drinking (Dr. R.
A. Robelus, personal communication, July 1977).

DISCUSSION AND CONCLUSIONS

The more conventional and seemingly more like-
ly way of drinking as described for certain African

Megachiroptera, that is, lapping while in a hanging
or clinging position, has been observed in the wild
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only once (Brosset, 1966h). Because in this case,
the bats (Eidolon helviun) drank no water but the
probably tasty sap of a palm tree, the question re-
mains whether they were hunger- or thirst-induced.
The habit shown by captive Rousettus aegyptiacis
and Eidolon helvum of drinking water regularly does
not necessarily reflect natural behavior. Their de-
mand for water may well have been brought about
by a shortage of liquid in the food offered. Kulzer
(1958, 1969) gave his Rousettus bananas, apples,
and oatmeal porridge, and his Eidolon bananas and
figs. In this respect, it is possibly of significance
that his Rousettus always drank immediately upon
feeding (Kulzer, 1958). On the other hand, Rouset-
tus aegypticus in the Amsterdam zoo, which are
given a much more varied diet with juicier fruits,
also drink regularly (Mr. F. Gangel, personal com-
munication, August 1977). The fact that wild Afri-
can Megachiroptera drink regularly, and in a similar
manner, is still to be proven.

The other manner of drinking water, by scooping
or lapping it directly while skimming close to the
water surface or indirectly by wetting the fur while
skimming over the water and licking water from the
fur afterward, has so far been ascribed to three Af-
rican species—Epomophorus gambianus, Eidolon
helvum, and Hypsignathus monstrosus (Rousselot,
1950; Parker, personal communication, 1976;
Charles-Dominique, personal communication, 1977).
The first observation, of unidentified species, was
made by Prof. J. A. Wahlberg in 1841 near Port
Natal, South Africa. The first part of his account
reads (in translation): ‘‘Port Natal, October S5th,
1841 . ... Some time ago I shot two species of
Pteropus, one of which 1 think may be new (pos-
sibly a new genus): it has four upper and five lower
cheek teeth.”” Thereafter he relates how he shot
them: in the evening over a spring where they came
to drink while flying low over the water (in Peter-
mann, 1858). Unfortunately he does not mention
the name of the species he knew, which would have
given a clue to the identity of the other, supposedly
new species. Of the fruit bat species now known to
occur there, only Eidolon helvaum and Rousettus
aegyptiacus had been described at the time of
Wahlberg’s writing. Kock’s assumption (1969) that
an Epomophorus species was involved here is prob-
ably based on the fact that the holotype of Epo-
mophorus wahlbergi (Sundevall, 1846) had been col-
lected by Wahlberg near Port Natal. However, this
happened 2 years after Wahlberg's observation
and shooting of skimming bats, namely on 27 No-

vember 1843 (Andersen, 1912). Moreover, it is clear
from Wahlberg’s report that his observation applied
to both “*species’ shot by him, one of which he
knew (thus probably Eidolon or Rousettus), and
one of which was new to him and which had four
upper cheek teeth instead of three as in Epomopho-
rus. To my knowledge, cases of additional upper
cheek teeth have not been described for this genus
(compare the footnote in Andersen, 1912:516). 1
think, therefore, that Wahlberg had before him a sub-
adult specimen of Eidolon helviun or of Rousettus
aegyptiacus with unerupted M? and M;. Wahlberg's
bat collection, now in the Naturhistoriska Riks-
museet in Stockholm, did not contain other Mega-
chiroptera than the just mentioned holotype of
Epomophorus wahlbergi (Dr. C. Edelstam, letters
of 1 April 1976 and 12 September 1977), although
it is not impossible that part of his material was lost,
as were many of his original notes (Petermann,
1858).

Precise accounts of what African Megachiroptera
actually do when skimming over water are very
few. In three cases, they are reported to drink
somehow directly (Wahlberg, in Petermann, 1858;
Parker, this paper; Bradbury, this paper). On two
occasions, they were seen to dip with some ventral
part of their bodies and definitely not with their
snouts (Rousselot, 1950; Robelus, this paper), while
one of these observers reported that they lick water
from their fur afterward (Rousselot, 1950). On yet
another occasion three observers saw Eidolon hel-
virme dipping with its legs (this paper).

Wahlberg went to the spring where he saw the
skimming bats to shoot them in the first place.
Moreover he had fires lit at the sides of the spring
to enable him to shoot bats coming near the fire,
because otherwise he could not hit them. When
looking past these fires at the skimming bats, his
chances to observe accurately can hardly have been
great, to say the least. I know that Parker made his
observations without binoculars, while the bats
were skimming the water of a scarcely illuminated
swimming pool, and he himself was seated at some
distance on a well-illuminated terrace. Again, the
circumstances were rather poor. Rousselot’s para-
graph (1950) dealing with skimming Eidolon at Sé-
gou is worth quoting (in translation): **. . . they fly
very low over the water and only wet the fur of
their breast and belly. Having risen immediately
thereafter for two or three meters, they lick this wet
fur, simultaneously interrupting their flying move-
ments. Then they rise to make up for the lost height
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and lick again. This happens three or four times,
after which they repeat the whole maneuver, until
they are satisfied.”” He wrote that Epomophorus
gambianus acted in the same way, but where
he observed this is not stated. With regard to FEi-
dolon, it looks very much like Rousselot may have
seen what my companions and I saw at Lake Pan-
dam in Nigeria, in which case the aberrant details
in his story could be due to careless observation
and interpretation. We observed a flying height of
at most 30 to 50 cm. Most of the bats we followed
dipped (their legs) only one time, some up to four
or five times, and they touched the water each time
they were near it (we actually saw the splashes).
Their movements down to the water were active
and deliberate. We observed no interruptions of
wing movements, but of course, the bats had to
brake their flight in order to descend. We did not
see individuals flying more than one stretch at the
reported height.

All in all, the evidence that certain wild African
Megachiroptera skim over open water surfaces in
order to drink is meager and, in part, doubtful. Of
course, it is easily conceivable that at least some spe-
cies do drink water under certain conditions. Forest
species might lap water from small reservoirs of
different types, such as holes in trees, but popula-
tions inhabiting the dryer savanna regions may have
to search forlarger bodies of water, such as lakes and
streams. This may be true for Eidolon helvum in
particular, because this species roosts exposed to
the sun, unlike other African Megachiroptera, and
may need extra water to make up for its po-
tentially stronger transpiration. However, why
should they drink by means of the seemingly haz-
ardous skimming maneuvers instead of getting at
the water through climbing down to it along tree
branches? This latter behavior has been reported
for wild specimens of an unidentified Preropus spe-
cies from Sumatra (van Balen, 1914). Ratcliffe
(1961) saw flying foxes (most probably species of
Pteropus) drinking by the skim-and-scoop method
in New South Wales on the Nambucca River in
1930, and offshore on Bougainville, Solomon Is-
lands, in 1945. He tried to explain this by assuming
that these bats were drinking salt (or salty) water
for the sake of mineral salts, which their normal
food would not supply in adequate quantities. His
observations on the Bougainville bats reminded me
of our own of Eidolon at Lake Pandam. He also
emphasized the importance of focusing on individ-
ual bats to obtain an idea of what they were doing.

He observed large groups of bats flying to the sea
just after sunset. Each bat would cruise up and
down for a while, and then fly right down to the sea
once or twice (some three times) and then leave the
flying mob and head inland, presumably to set out
on its nightly food search. If the water was calm
enough, he and his co-observer did see the actual
lap-splashes. From the latter remark in his account,
it is clear that it must have been very difficult to see
(after sunset) whether the bats were scooping water
or wetting their fur or dipping their legs. Another
interesting report is that of Mr. J. V. de Bruijn (in
Ripley, 1960), who at the north coast of New Guin-
ea observed large flying foxes trying to pick up
fruits, which were floating on the sea surface just
offshore. Ratcliffe (1961) thought that these bats
may also have been drinking salt water instead of
picking up fruits. I do not know of other reports on
Megachiroptera outside Africa skimming over
water in order to drink. There must be more, be-
cause in a popular account on Indonesian flying fox-
es van Bemmel (1974) wrote (in translation): **Their
habit of scooping water while flying low over its
surface is well-known.”” The salt-water story does
not hold for the fresh-water skimming African bats,
and in general I doubt whether Ratcliffe’s conclu-
sion is correct. Many fruit bats will never have an
opportunity to drink sea water, and quite a few,
apparently, skim over fresh water. Moreover, the
wild Sumatran Pteropus mentioned by van Balen
(1914) drank fresh water, albeit from a hanging pos-
ture, and captive Pteropus giganteus (Brinnich,
1782) are reported to *“drink often, especially during
the summer’” (Sanyal, 1892).

The question remains why FEidolon, at least on
one well-documented occasion, dipped its legs. One
can think of several explanations, none of which
seems good enough. Rousettus aegyptiacus in the
Amsterdam zoo not only drinks from its water
bowl, but also uses it to take baths. A freshly
bathed bat licks itself and is licked by the others
(Mr. F. Gangel, personal communication, August
1977). This could hardly be a way of drinking, as
the animals also drink “‘normally.”” Could it be a
means to clean the body, maybe even of certain
parasites, or could it have some thermoregulatory
function? If one of these questions would even-
tually produce a satisfying explanation with re-
gard to Rousettus, would this explanation also sat-
isfy us with regard to the wild, leg-dipping Eidolon?
I do not think so. In this regard, Eidolon helvuni is
easy to study, as it roosts in large numbers and fully



24 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY

exposed near many human settlements. it is known
that Eidolon passes its day, like so many other
mammals, partly with grooming its body and fur. It
is also sufficiently known that common external
parasites of Eidolon, such as the nycteribiid fly,
Cvclopodia greeffi Karsch, and the spintumicid mite,
Meristaspis sp. (Adecsun, 1974), have no prefer-
ence whatsoever for the legs or lower abdomen of
their hosts. Moreover these parasites attach them-
selves so firmly to the skin of the bat that a little
water will not harm them in the least. Likewise, a
thermoregulatory purpose of the wetting of so small
a part of the body is hard to understand.

Another possibility is that the water itself does
not play the important role, which we have tried to
attach to it. Could Eidolon be picking something
out of the water (as there were, on Lake Pandam,
hardly any fruits, these can be disregarded)? Could
Eidolon possibly be fishing? Carnivorous behavior
has recently been reported of two other African
Megachiroptera. Van Deusen (1968) cited someone,
who observed wild Hypsignathus monstrosus
pick up and eat the skinned bodies of birds,
which had been tossed outside a house, and also
how it attacked live chickens near the same house,
at M’Bigou in Gabon. Coe (1976) kept Lissonycteris
angolensis (Bocage, 1898) in a cage together with
Mpyonycteris torquata (Dobson, 1878), at Mount
Nimba, Liberia, and saw how specimens of the
former species actually attacked and devoured
specimens of the latter. It is of interest to quote
here (in translation) the report on a Sumatran Pter-
opus by van Balen to which I referred before in
relation to its drinking behavior. “*My son Mr. D.
J. van Balen, living at Serbadjadi (Galang), Deli,
observed that kalongs (=flying foxes) do drink. He
used to spend the night now and then on a platform
in a forest tree to watch animals. One night he saw
a number ot flying foxes alight in a dead tree, climb
down along branches which hang over the water of
a deep pool, and drink while hanging from these
branches. After drinking they let themselves fall
onto the surface of the water, where they stayed
for some moments, constantly flapping their wings,
and then flew up in the limited space in circular
movements until they could take fiight in the open
air above the trees.”” This observation was repeated
on request, and I think it should be taken seriously.
Later, van Balen’s son was told by a native that the
flying foxes did not descend to the pool to drink,
but to catch the little fishes which abounded in such
pools. Dr. F. A. Jentink, the well-known Dutch
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mammalogist, wrete to van Balen that he did not
believe that kalongs drank, and he warned him
against native stories. But why then, asked van Bal-
en, would kalongs perform such breakneck stunts?
(van Balen, 1914).

Apparently this belief in fishing kalongs is more
widespread (though not so much in the literature),
as van Bemmel (1974) also mentioned it (and re-
jected it). Apart from the hint at possible piscivo-
rous behavior of Preropus van Balen’s account
(1914) deals with another aspect of the relation be-
tween Megachiroptera and water. It confirms that
they, or at least certain Preropus species, can swim.
Ryberg (1947) cited Trouessart’s story on how, dur-
ing James Cook’s second journey around the world
(1772-1775), swimming Megachiroptera were ob-
served in the Tonga Archipelago. These were prob-
ably Preropus tonganus Quoy & (Gaimard, 1830,
Some of the fruit bats seen picking up fruits from
the sea surface in North New Guinea (Ripley, 1960)
““dipped too far into the water, became caught and
splashed in. The instant this happened, the flying
foxes came to rest quietly on the surface with wings
well spread. Thence they gradually rode in on the
waves of the rising tide. The sea was not too rough,
and gradually they tumbled into the light surf and
quickly proceeded to drag themselves out of the
wave area. Without exception, the bats then
crawled up the beaches, occasionally shaking them-
selves, and made for the low dunes above high
water mark.”” Beyond these dunes the bats climbed
up small irees and launched themselves into the air
again. Novick and Leen (1969) gave a splendid se-
ries of photographs of a swimming Preropus gigan-
teus (Brinnich), but unfortunately it is not stated
where they were taken. Van Bemmel (1974) knew
of a Preropus Kept as a pet on a houseboat on Su-
matra. This animal once fell into the water. There-
after, it made a daily habit of plunging into the water
and swimming about for a while (until, 2 years
later, it was seized by a crocodile).

Summarizing, it has not yet been sufficiently doc-
umented that, in the wild, African Megachiropiera
need to drink water. In captivity Rousettis aegyp-
tiacus and Eidolon helvum may drink from bowls,
and Hypsignathus monstrosus is reported to drink
through the skim-and-scoop method. In the wild
Eidolon helvum and Epomophorus gambianus have
been seen to skim over open water, but none of the
reports in which they would do so in order to drink
seem to stem from really careful observation. The
behavior of captive Hypsignathus monstrosus and
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of many wild Microchiroptera supports the idea that
physically Megachiroptera may be able to drink
while skimming. Eidolon helvum has been seen to
skim over open water not to drink but to dip its legs
for an unknown purpose. Of skimming and swim-
ming Australasian species of the genus Pteropus
(which in its ecology and ethology shows a great
resemblance to Eidolor) it has been suggested that
they might be fishing, and as carnivorous behavior
has been reported for some African fruit bats, I do
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not exclude fishing as a possible explanation for the
leg-dipping of Eidolon. Against this would be that
Eidolon is also attracted by swimming pools, but |
do not suggest that drinking as one of the possible
aims of skimming Megachiroptera should be ne-
glected. More critical observation in the wild, and
possibly some experimenting with captive fruit bats
(large enclosures with large, fish-inhabited water
containers on the floor; small, whole fishes as part
of their diet) should provide the final answers.
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ABSTRACT

African primates of the family Lorisidae are compared to other
families of African mammals from the perspective of ecological
niche occupancy. It is shown that lorisids, along with other ro-
dents and carnivores, occupy an ecological niche characterized

by arboreal-nocturnal-climbers and/or leapers-animalivores-fru-
givores-gumivores habits (A.N.C.L.A.F.G.). Generally, mam-
mals (especially primates and carnivores) occupying this type of
niche exhibit many primitive evolutionary characters.

INTRODUCTION

Among primates, Strepsirhini (Afro-Asian and
Madagascan lemurs) represent 18% of the living
species. In terms of their anatomy, physiology, and
behavior, they are considered more primitive than
the ‘“higher primates’ (Catarhini and Platirrhinii).
Although five Malagasy families (of which two are
subfossils) are the result of a radiative evolution,
the Cheirogaleidae and the Lorisidae (in Africa and
South Asia) have retained numerous primitive fea-
tures (Charles-Dominique and Martin, 1970). The
taxonomic position of these two groups have been
discussed by different authors (Cartmill, 1975;
Charles-Dominique and Martin, 1970; Charles-
Dominique, 1977; Goodman, 1975; Hoffstetter,
1974, 1977; Martin, 1972; Pocock, 1918; Simpson,
1945; Szalay and Katz, 1973; Szalay, 1975; Tatter-
sall and Schwartz, 1975; Van Kampen, 1905; Van

Valen, 1969; Weber, 1928). According to the inter-
pretation of early primate history by each author,
the Lorisidae and Cheirogaleidae have been clas-
sified either in two different suborders, two differ-
ent families, or two different subfamilies. Never-
theless, even if the Cheirogaleidae and the
Lorisidae have been geographically separated since
the early Tertiary, they share numerous characters
inherited from a common ancestor, and presently
occupy similar ecological niches.

In this paper, the ecological position of one of
these two primitive families (Lorisidae) and its re-
lationship to other mammalian groups living in the
same forest ecosystem are discussed. Different eco-
logical parameters shall be analyzed including diet,
activity rhythms (nocturnality or diurnality), habitat
preference, and locomotor patterns.

FOOD PROVIDING ENERGY AND FOOD CONCERNED WITH THE
RESTORATION OF TISSUES

It is necessary to make a distinction between food
which is used for energy (glucids) and food which
balances the loss due to tissue turnover (for ex-
ample, loss of proteins, see Hladik, 1977).

Food providing energy.—Every molecule catab-
olized by an organism can be used for energy. For
example, strict carnivores and strict insectivores
(=‘animalivores’’) use glucids, lipids, and proteins
for energy. Proteins are difficult to find in large
quantities and many animals eat small quantities of
proteins necessary for their balance, but use lipids
and especially glucids as energetic food. Soluble
glucids (CS5, C6, and C12 sugars) are directly assim-
ilable by a nonspecialized gut. They are found in

fruits like berries, drupes, and so on (especially in
fruits with a fleshy pericap arocund the stone). Non-
soluble glucids (celluloses, hemicelluloses, and oth-
ers) are made up of soluble sugars polymerized in
complex chains. Mammalian enzymes cannot break
these long chains, but they are hydrolized by bac-
teria in specialized digestive ducts (stomach of ru-
minants, saculated stomach, caecum). Celluloses
and hemicelluloses are the principal constituents of
leaves and wood. Gums are produced by some trees
and lianas after different actions (insect bites, Xxy-
lophages, other injuries). Composed of C5 and C6
sugars polymerized in long chains, they are biode-
graded in the caecum by bacteria (for Prosimians).



1978 CHARLES-DOMINIQUE—ECOLOGICAL POSITION OF LORISIDAE 27

Food concerned with the restoration of tissiie . —
In addition to vitamins and mineral elements, which
are generally present in sufficient quantities in nat-
ural food, amino acids (associated in proteins) play
a major role in the constitution of the tissues (turn-
over, growth, gestation, and lactation). In the for-
est, proteins can be found in prey, in kernels, and
in the green part of plants (especially young shoots).
These three sources are correlated with different
specializations: prey capture is correlated with mor-
phological and behavioral specializations of preda-

tors; kernel and seed intake is correlated with den-
tal specializations allowing opening of hard stones,
and gut specializations for detoxification of second-
ary compounds often present in seeds; leaf intake
is correlated with the specialization of the digestive
duct. This last solution, generally used by animals
which can digest the cellulose, requires large quan-
tities of bulky food relatively poor in assimilable
proteins.

As “‘energetic food,”” proteins can be a limiting
factor for animal populations.

NOCTURNALITY AND DIURNALITY

Theoretically, food resources are available
around the clock but consumers are generally spe-
cialized to feed during either the day or night
(Charles-Dominique, 1975). It seems that among
higher vertebrates, birds are specialized to the diur-
nal way of life and mammals to the nocturnal. Of
course, secondary specializations allow some birds
to feed during the night and some mammals to feed
during the day, but they are limited. For example,
in the Gabon forest, 70% of the mammals are noc-
turnal, 10% are nocturnal and diurnal, and 20% are
strictly diurnal (among 120 species of mammals); in
the same ecosystem, 96% of the 216 bird species
are diurnal. The same picture exists in the tropical
forest of Panama where 86% of the mammals are

nocturnal, 6% nocturnal and diurnal, and 8% strict-
ly diurnal (Eisenberg and Thorington, 1973). The
diurnal mammals compete successfully in four dif-
ferent ways, which can be listed as follows: in-
crease in body size (monkeys, apes, antelopes, and
big carnivores); continually growing incisors (a sys-
tem which enables squirrels to open tough fruits
and nuts); claws to dig out hidden prey (some squir-
rels, Callitrichidae monkeys, and some anteaters);
development of intelligence (especially for mon-
keys).

In terms of competition for food, it is necessary
to separate the ‘‘nocturnal world™ from the “*diur-
nal world.™

ECOLOGICAL POSITION OF THE FAMILY LORISIDAE

Lorisids (10 species of which there are eight in
Africa) are all arboreal, nocturnal animals. They
find proteins by hunting prey; the energetic food is
found mainly in soluble sugars (soft fruits) and/or
in gums which are biodegraded in the caecum. Sec-
ondary specializations allow several species to live
sympatrically, avoiding competition for food. For
example, five species of Lorisidae live in the same
ecosystem of the rain forest in Gabon (two lorisi-
naes = slow-moving climber animals and three gal-
aginaes = fast-running and leaping animals). The
two Lorisinae (Arctocebus calabarensis and Per-
odicticus potto) are specialized in the capture of
irritant and pungent-smelling prey ignored by the
three Galaginae species (Galago elegantulus, G.
alleni, and G. demidovii). A. calabarensis live in
the understory, in recent tree-fall zones and P. pot-
to in the canopy. An equivalent separation exists

among the three galaginaes—G. elegantulus live in
the canopy where they feed on insects and gums;
G. alleni live in the undergrowth and feed on insects
and fruits; G. demidovii, the dwarf bushbaby, hunt
prey (70% of their diet) in thick vegetation com-
posed of a mixture of lianas and tree foliage
(Charles-Dominique, 1971, 1977). A. calabarensis
and G. demidovii are the two smallest species of
their respective subfamilies. They succeed in feed-
ing almost entirely on prey (85% and 70%). The
three other much larger species capture the same
absolute quantities of prey but they must comple-
ment this food by fruits and/or gums (food providing
energy).

The ecological niches of the Lorisidae can be
defined as Arboreal-Nocturnal-Climbers and/or
Leapers-Animalivores-Frugivores-Gumivores
(=A.N.C.L.AF.G.).



28 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY NO. 6

DIRECT COMPETITORS OF THE LORISIDAE

The Lorisidae are not the only mammals to oc-
cupy such ecological niches (A.N.C.L.A.F.G.); in
Gabon, the Paradoxurinae Nandinia binotata (palm
civet) and several rodents can be found in them:
Graplhiurus murinus (Glinidae), and Thamnomys ru-
tilans, Praomys tulbergi, Praomys lukolelae, Sto-
chomys longicaudatus, Hylomyscus stella, Hylo-
myscus fumosus, Hylomyscus aeta, and Hylomyscus
parvus (Muridae).

With the exception of Grapliurus murinus and
Thamnomys rutilans, which are true arboreal ani-
mals, these species generally live at a lower level
of the forest but can interfere with lorisids in the
undergrowth. Because of a poor knowledge of their
ecology, an estimate of the total number of
A.N.C.L.A.F.G. mammals is between eight and 15
species. In addition, other categories of sympatric
mammals whose diet can interfere with those of
A.N.C.L.A.F.G. mammals must be considered (for
example, some bats which hunt prey hidden in the
foliage).

The more complex the forest, the more different
biotopes and, thus, different ecological niches it
presents. In Gabon, where the forest is one of the
most complex in the world (1,000 to 2,000 species
of trees and lianas) eight to 15 mammal species oc-
cupy these A.N.C.L.A.F.G. ecological niches
(among 120 sympatric mammalian species). In com-
parison, the dry forest of the west coast of Mada-
gascar (Morondava region) is composed of about
150 species of trees and lianas; only five species of
mammals (four primates—Microcebus murinus,
Microcebus coquereli, Cheirogaleus medius, and
Phaner furcifer—one rodent—FEliurus sp.) occupy
the A.N.C.L.A.F.G. ecological niches among 19
sympatric mammalian species. In South Africa and
East Africa, gallery forest and woodland-savanas
are poor in species of trees and lianas (about 100
species per ecosystem); only one species of Loris-
idae, or rarely two (Galago senegalensis and/or
Galago crassicaudatus), can be found in these eco-
systems (Bearder, 1974; Bearder and Doyle, 1974).

Population densities change as a function of the
abundance of arboreal mammalian species in rela-
tion to the complexity of the forest. In Gabon, if
we consider the five lorisid species together, they

form an overall population of about 160 individuals/
square km. In South Africa and East Africa, the
population of Galago senegalensis and/or Galago
crassicaudatus is generally more abundant—110,
112, 125, 175, 183, 200, 175, 500 individuals/square
km according to the area (Bearder, 1974). In the
dry forest of western Madagascar, the four primate
species, ecologically equivalent to the Lorisidae
(Cheirogaleidae) form an overall population of
about 500 individuals/square km (Charles-Domi-
nique and Petter, 1978).

At first sight, in spite of the scarcity of plant and
animal species, the animal populations of dry for-
ests are highly concentrated (Table 1). In fact, for
an ecosystem we must consider all the species oc-
cupying the A.N.C.L.A.F.G. ecological niches. In
Gabon, the Lorisidae constitute only five of the
eight to 15 mammalian species adapted to these
niches; the bushbabies in South Africa and the
Cheirogaleidae in western Madagascar are practi-
cally the only species to occupy homologous eco-
logical niches in their respective ecosystems. At the
present time, it is impossible to make an evaluation
in Gabon, but it is probable that the overall density
of the eight to 15 Gabonese species living in
A.N.C.L.A.F.G. niches (or at least their biomass)
is roughly equivalent to those calculated for their
relatives in dry forests.

In the Gabon rain forest ecosystem, the different
families which occupy similar niches of the
A.N.C.L.A.F.G. categories avoid food competition
by developing some morphological, ethological,
and physiological specializations, in the same man-
ner as the different lorisid species avoid food com-
petition. These specializations are differences in
body weight (rodents—10 to 50 g; lorisids—60 to
1,000 g; palm civet—2,000 to 4,000 g, and prey cap-
ture techniques (prey size is generally related to
predator size).

Bushbabies detect prey by vision and hearing.
Capture is achieved by a rapid stereotyped move-
ment of the hand, often when the insect is flying or
ready to escape (Charles-Dominique, 1971, 1977).
This elaborate system provides the bushbabies with
exclusive access to some categories of mobile prey
living in the foliage.

CONCLUSION—DISCUSSION

If animals which are phyletically as different as
the primates, rodents, and carnivores discussed in

this paper can occupy ecological niches of the
A.N.C.L.A.F.G. types (Arboreal, Nocturnal,



1978 CHARLES-DOMINIQUE—ECOLOGICAL POSITION OF LORISIDAE 29

Table |.—Comparative situations of AN.C.L.A.F.G. (=Arboreal, Nocturnal, Climber/Leaper, Animalivore-Frugivore-Gumivore) le-

murs (Lorisidae in Africa. Cheirogaleidae in Madagascar) and sympatric mammals in three different ecosystems—Gabon, rain forest

of Makokou area; South Africa, different gallery forest and wooden savannas of Transvaal, Zululand, and eastern Rhodesia; Mada-

gascar, West Coast, Morondava area. Even with a higher nuinber of species, the lemurs of the rain forest occur in lower population

densities compared to dry forest species. This low value, in rain forests, can be related to the presence of numerous other mammalian
competitors living in sympatry (A.N.C.L.A.F.G. mammals).

Gabon South Africa Madagascar
Parameters rain forest dry forest dry forest

Number of plant species

(trees—shrubs—Ilianas) 1,000-2,000 #100 #150
Number of sympatric mammals 120 ? 20
Number of sympatric arboreal mammals 38 10-15 8
Number of sympatric A.N.C.L.A.F.G. mammals 8-15 #5 #5
Number of sympatric A.N.C.L.A.F.G. lemurs 5 1-2 4
Total density of sympatric A.N.C.L.A.F.G.*

lemurs (square km) 160 110-500 600

Climber/Leaper, Animalivore-Frugivore-Gumi-
vore), it is probably because these modes of life do
not require such complex specializations as animals
exploiting areas or food of “‘difficult’” access. In
South America, the didelphid marsupials of the gen-
era Marmosa, Philander, and Caluromys, which
present numerous primitive characters, also occupy
similar ecological niches. The Jurassic panthother-
ian (140 million years old) found in Portugal is con-
sidered to have been insectivorous and arboreal in
habits (Buffetant, 1977) probably close to those ob-
served for the above species.

One can consider that these modes of life were
adopted very early by different primitive mammals
which, later, could give rise (or not) to taxa ecolog-
ically adapted to other types of life.

Among strepsirhines (African and Malagasy le-
murs) the two families presenting the greatest
number of primitive characters—Lorisidae and
Cheirogaleidae—occupy ecological niches of the
A.N.C.L.A.F.G. type. The situation is identical to
that of Paradoxurinae (palm civets) as compared to
other subfamilies of Viverridae. These
A.N.C.L.A.F.G. ecological niches can be consid-
ered as "‘conservative’’; they are not related to ma-
Jor modifications of the primitive mammalian mod-
el. Among Muridae, most of which are terrestrial
or semiterrestrial animals, some species have been
able to colonize these ecological niches without de-
veloping particular adaptations.
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THE IDENTITY OF GERBILLUS BOTTAI LLATASTE, 1882
(MAMMALIA: RODENTIA), FROM SENNAR, SUDAN

DIETER KOCK
Forschungsinstitut Senckenberg, Senckenberg-Anlage 25, D-6000 Frankfurt a.M., West Germany

ABSTRACT

Two recently collected gerbils from the Gezira, Sudan, are
identified as Gerbillus bortai Lataste 1882. They are compared
with other species of the subgenus Hendecapleura (campestris,
c. wassifi, nanus, n. garamantis, pusillus, harwoodi, watersi,
and henleyi jordani) and discussed with further described taxa
(stignionyx, luteolus, venustus). The proposal is made to con-

sider G. stigmonyx as a nomen dubium, and to unite G. luteolus
and G. harwoodi under the older name G. bottai.

The use of the geographical name Sennar is briefly explained
for a more careful consideration in connection with restrictions
of type localities and animal distribution.

INTRODUCTION

During an investigation of harmful rodents in the
Sennar region of the Sudan, Mr. Arno H. Hoppe of
the Deutsche Gesellschaft Fiir Technische Zusam-
menarbeit (GTZ) collected several specimens of
small mammals, which were sent for identification
to the Forschungsinstitut Senckenberg, Frankfurt
a.M. Among the specimens received were Cro-
cidura s. sericea (Sundevall 1843) from Fadasi Hal-
imab (Southern Gezira Dist.), Crocidura flavesceus

ltedenborgiana (Sundevall 1843) from Ma’tuq
(Dueim Dist.), Arvicanthis abyssinicus (Ruppell
1942) from Fadasi Halimab and Wad Medani, Mas-
tomys natalensis macrolepis (Sundevall 1943) from
Wad Medani and Barakat (Southern Gezira Dist.),
Taterillus gyas Thomas 1918 and Acomys dimidia-
tus (Cretzschmar 1826) from Gadambalia (Gedaref
Dist.), and two gerbils discussed below.

SYSTEMATIC DISCUSSION

Gerbillus (Hendecapleura) bottai Lataste, 1882

Specimens examined .—Bageir = El Bageir, Northern Gezira
Dist., Blue Nile Prov., 15°21’'N, 32°45'E, 19 (skin, skuli) SMF
50158; Managii, Southern Gezira Dist., Blue Nile Prov.,
14°15°N, 32°S8'E, 19 (skin, skull) SMF 50159.

Comparative material of the subgenus Hendecapleura Laraste
1882.—G. campestris LeVaillant, 1857: S. W. Matmata, S. Tu-
nisia, 29 (2 skins, 2 skulls) SMF 52328, 52329; El Goléa, Algeria,
1 sex unknown (skin, skull) SMF 51629; Imlaoulaouen, Hoggar,
Algeria, 18 (skin, skull) SMF 51630; Guelta Afilale, Hoggar,
Algeria, 18, 4 sex unknown (5 skins, 5 skulls) SMF 51631-51635.
G. campestris wassifi Setzer, 1958: Bahig, Western Desert,
Egypt, 23, 12 (3 skins, 3 skulls) SMF 26804-26806. G. nn. nanus
Blanford, 1875, Rafsanjan, Kerman Prov., Iran, 19, 33 (4 skins,
4 skulls) SMF 46370-46372, 46374. G. n. garamantis Lataste,
1881: Oued Noun, S. E. Goulimine, S. Morocco, 73,29 (7 skins,
2 alc., 9 skulls) SMF 47676-47684. G. stigimonyx Heuglin, 1887:
Jebelein, E. bank White Nile, Blue Nile Prov., Sudan, 19 (skin,
skull broken) AMNH 82219. G. pusiilus Peters, 1878: Iraka, Tan-
zania, 29 juvenile (2 alc., 1 skull) SMF 11494, 11495. G.
harwoodi Thomas, 1901: Mt. Suswa, Rift Valley, Kenya, 10 sex
unknown (broken skulls from owl pellets) SMF 41513-41519,
41527, 41530-41531: S. shore L. Naivasha, Kenya, 19 juvenile
(alc., skull) SMF 42297 [This species averages larger (most ob-
vious in M!-M?) than the sympatric G. pusillus (Petter, 1975;
Roche 1976)]. G. watersi DeWinton, 1901: Shendi, Northern
Prov., Sudan, 23 (2 skins, 2 skulls) B.M. 1.5.5.55, 1.5.5.56 (para-
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types). [Listed by Petter (1975) as a valid species and as a sub-
species of G. nanus, said to occur in Upper Nile, Sudan, which
places it in the southern Sudan. The occurrence of a subspecies
of nanus in the horn of Africa besides watersi (Petter, 1975;
Roche, 1976) hints to the specific validity of watersi.] G. henleyi
Jjordani Thomas, 1918: Gabes, Tunisia, 13, 19 (2 skins, 2 skulls)
SMF 19543, 19544; Jebel Mrhila, Tunisia, 29 (2 alc., 1 skull)
SMF 28598, 29599.

Lataste (1882a) recognized the new species G.
bottai (two skulls, one skin from Sennar, collected
by Botta in 1834) among misidentified gerbils and
had already used the new name in a session of the
Societé Zoologique de France on 13 December 1881
in explaining the synonymy of Gerbillus gerbillus
Olivier, 1801 (Lataste, 1882h), but the original de-
scription was not published until 1 March 1882 (La-
taste, 1882c¢).

This description is based on two skulls and one
skin with incomplete tail; the latter nearly unicol-
ored, dorsal coloration not clearly set off from ven-
tral side; hind feet naked, shorter than in G. quad-
rimaculatus Lataste, 1882, from Nubia, a supposed
synonym of G. campestris LeVaillant, 1857. The
two skulls were both 25 mm long (which is probably
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the total occipital-nasal length) and nearly as large
as in G. quadrimaculatus, that is, somewhat short-
er; posterior border of interparietal bone salient in
the middle, which instead of being concave, is a
transversal rhomboid with rounded corners; incisors
less strongly colored, the molars heavier than in G.
quadrimaculatus.

G. bottai differed from G. garamnantis by narrow-
er posterior region of the skull, less inflated bullae,
and lighter molars. In G. garamantis, the interpa-
rietal bone is concave, foramen incisivum remains
well away from the molars, and the palatine fo-
ramina start from the first tubercle, not from the fol-
lowing lamina of M! as in G. bottai. The remaining
comparisons were made with forms of the subgenus
Gerbillus .

In the course of a series of papers, Lataste in-
cluded bottai in the new subgenus Endecapleura
Lataste, 1882d (later emended to Hendecapleura by
himself) with a question mark only, together with
garamantis Lataste, 1881 (genotype), nanus Blan-
ford and possibly Quadrimacutatus (sic) Lataste,
1882.

The two new specimens now under discussion
agree well in size with the original description of
bottai (Table 1), but not in the form of the inter-
parietal bone, the situation of the incisive and pal-
atine foramina, and separation of coloration be-
tween dorsal and ventral side.

However, G. garamantis from southern Morocco
also does not fit the comparison given by Lataste
(1882c¢). Because of the missing tail tip in the only
skin of GG. bottai, nothing is known about the form
of the tuft.

The two new specimens have tails longer than the
head and body (Table 1), slightly darker above, with
a weakly developed tail tuft, dorsal and ventral col-
or clearly separated; clear white postorbital and au-
ricular spots; hind foot relatively broad, middle fin-
ger not elongated and approximately one-fourth of
the total hind foot length; and a few short hairs
scattered on the distal part of the hind foot.

Nothing was said of the deposition of the original
material; Thomas (1919) noted that the specimens
were not in the Lataste collection received at the
British Museum, but confirmed DeWinton (1901)
that G. bottai was based on specimens in the Paris
Museum. However, Rode (1945) did not list G. bot-
tai among the type specimens of Gerbillinae.

There are apparently only two specimens of G.
bottai available for study in the British Museum;
these were examined by Setzer (1956). One of them

was collected by S. S. Flower (B.M. 21.4.18.6, skin
and skull of a juvenile) at Sennar, Blue Nile, and
the older one (B.M. 46.6.2.44, skin in poor condi-
tion), by Hendenborg in Sennar, was received in
exchange from the Stockholm Museum by Sundev-
all. Without a doubt, these specimens, one younger
and the other older than the original description,
could have been identified only by comparison with
the description.

One of the recent specimens (SMF 50158) was
sent to the British Museum for direct comparison
with the two unique G. bottai (Table 1). The results
(including the above details of the British Museum
specimens of G. bottai) were thus (I. R. Bishop in
litt., 20 April 1977; P. D. Jenkins in litt., 20 August
1977): **Apart from the difference in size, the young
skull differs from your specimen in that the lateral
pterygoid fossae are smaller and hemispherical in
shape. The supraorbital ridges not so pronounced
and the lip of the auditory meatus less prominent.”’
These discrepancies can all be attributed to differ-
ences between juvenile and adult skulls.

Furthermore (Jenkins in litt., 25 August 1977)
“‘both B.M. skins have white patches behind the
ear but not so distinct as in your specimen. The
dorsal coloration is similar although the flanks are
not so bright. The ventral is pure white [as in the
two recent specimens, author]. The tail of the
young specimen is apparently entire and shorter in
length than the head and body, unlike your speci-
men. The tail of our other specimen is broken (B.M.
46.6.2.44) but bears the following comment on its
label: ‘other specimen sent by Sundevall has
tail 115 mm long.” ** This ‘other’ specimen remains
unknown. Differences between the recent specimen
and the British Museum bortai might be attributed
to age (changes of which are completely unknown).
All subsequent conclusions and measurements,
especially of the single juvenile, are necessarily
based on that material.

Allen (1939) listed bottai as a species of the genus
Dipodillus Lataste, 1881 which, in his use of this
taxon of naked-footed gerbils, included short-tailed
as well as long-tailed species of gerbils. Ellerman
(1941) regarded Dipodillus (including Hendecapleu-
ra) as one of the two subgenera of Gerbillus Des-
marest, 1804, but did not allocate bottai to either of
the two taxa and did not list it under the forms seen,
despite two specimens present in the British Mu-
seum.

The identification of specimens recorded for the
Air region (Niger) as G. bottai by Dekeyser (1950)
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Fig. 1 (left).—Skull of Gerbillus (Hendecapleura) watersi (B.M. 1.5.5.56) lateral (upper) and ventral (lower) side. Fig. 2 (right).—
Skull of Gerbillus (Hendecapleura) bortai (SMF 50159) lateral (upper) and ventral (lower) side (all drawings by Gieela Krebs).

seems highly doubtful and has not been confirmed
(compare Petter 1975). The length of the upper mo-
lar row is shorter (3.0-3.2) than in G. bortai and the
specimens were discussed as related to G. princi-
pulus Thomas and Hinton, 1923 (a subspecies of G.
nanus with large bullae), and G. stigmonyx luteolus
Thomas, 1901. Setzer (1956), within the subgenus
Dipodillus, accorded a separate grouping to bottai
because of small auditory bullae, open pterygoid
fossae (but see note on juvenile B.M. skulls above),
and more massive cheekteeth in proportion to the
size of the skull, which is confirmed by the present
material; G. bortai differing mainly in size from G.
stigmonyx Heuglin, 1877, and G. lowei Thomas and
Hinton, 1913. A third group, including G. watersi
DeWinton, 1901, G. mackillingini Thomas, 1904, G.
principulus Thomas and Hinton, 1923, and G. mur-
iculus Thomas and Hinton, 1923, is similar to G.
bottai in body size, but the group differs by more
greatly inflated auditory bullae, relatively closed
pterygoid fossae, and small cheekteeth. The last
three taxa are currently considered to be subspecies
of nanus and the differences noted by Setzer (1956)
are confirmed by the material listed above.

Petter (1968, 1975) states that no external mea-
surements of the only two existing G. bottai spec-
imens are known, but in his Key this species is dif-

ferentiated from others by a tail shorter than the
head and body length. This confirms the conclusion
that G. bortai is represented only by the specimens
in the British Museum, the skins of which are with-
out measurements (Setzer, 1956) and one of which
has a broken tail. The two recent specimens from
the Sennar region differ from G. nanus by consid-
erably narrower braincase, narrower interorbital
width, much smaller bullae, and thus with ptery-
goid fossae more open, a larger suprameatal trian-
gle, and heavier cheekteeth. They differ from G.
garamantis and also from G. watersi (Fig. 1) by
larger skull, heavier cheekteeth, less inflated bullae,
and more open pterygoid fossae; G. watersi, how-
ever, has a thin tuft on the tail (like G. bortai).

Both recent specimens differ from G. pusillus, of
which only a juvenile skull is available to me, by
slightly larger molars, second lamina of M3 reduced
to a single cusp, and lighter colored incisors. They
differ from G. henleyi jordani by larger size in all
skull measurements; relative to the size of skull the
bullae are less inflated in their anterior part.

G. campestris venustus (Sundevall, 1843), as
identified and recorded by Happold (1967h) from
east of the Nile north of Khartoum and from north
of the Blue Nile, is larger in all measurements and
has long fur and a heavy tuft on the tail. The G. cam-
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pestris specimens listed above differ in the same
way and additionally have a more closed pterygoid
fossae.

The description of Meriones stigimonyx Heuglin,
1877, regarded as a subspecies of G. caimpestris
(see Petter, 1975), is insufficient for a specific de-
termination, except for its long tail (head and body
71.4-78, tail 104—120, hind foot 19.3, ear 10.8-13.0;
converted from “*pied du roi”” = French foot, 1 line
= 2.174 mm). This insufficiency was noted by
Thomas (1901) who additionally remarked that a
specimen in the Stuttgart Museum, identified as G.
stigmonyx, does not agree with Heuglin’s (1877)
description.

Despite these facts, G. luteolus Thomas, 1901,
was attached to G. stiginonyx as a subspecies. The
skull measurements of G. s. luteolus show only a
fair agreement with the two recent specimens,
which might be due to different methods of taking
measurements. G. s. luteolus bears close resem-
blance to the two specimens under discussion in the
distribution of white on the head, including a darker
nose patch, and with some tiny scattered hairs in
the distal part of the hind feet. This is also the main
character by which Thomas (1901) separated G. s.
luteolus from the more northern (sic) bottai. This
gerbil has been recorded from the area between the
White Nile and Blue Nile (in other words the Ge-
zira) as G. stiginonyx (including luteolus as a syn-
onym) by Setzer (1956). The type locality of G. stig-
monyx was given as “‘near Khartoum”’ but there is
no convincing reason to restrict it to the south side
of Khartoum.

As understood by Happold (1967b), G. stigmonyx
has some resemblance with the specimens dis-
cussed here; it is smaller than G. campestris veu-
ustus, with shorter fur and less tufted tail.

An additional specimen of this group from Jebel-
ein (AMNH 88219) agrees well with the characters
given above (for measurements see Table |)—na-
ked and short hind feet, nearly unicolored and
weakly tufted tail, postauricular spot not very
prominent (like the B.M. specimen), hairs of un-
derside pure white, nose spot not set off from color
of head, M? with only one lamina (as approached
by the left M2 of SMF 50159), and bullae small.

Happold (1967a) does not give locality records
for gerbils within the Khartoum Province, but his
G. campestris veniistus were collected north of the
Blue Nile (Happold, 1967b), only G. watersi was
recorded from south of Khartoum (Happold, 1969),
and no gerbils were found in the Funj area. Thus,

G. stigmonyx, bottai, and watersi are the only na-
ked-footed gerbils recorded from the region be-
tween the two Niles in the Sudan.

In the combination of characters as detailed
above, there are no similar species of either Dipo-
dillus or Hendecapleura known from Egypt (Flow-
er, 1932; Setzer, 1958; Hoosgtraal, 1963) or Libya
(Ranck, 1968).

Of northeastern African Heundecapleura, larger
size excludes G. campestris somalicus Thomas,
1910, inflated bullae characterize G. nanus brock-
mani Thomas (1910) and G. watersi (see Petter,
1975; Roche, 1976). Similarities are to those gerbils
which have relatively uninflated bullae—G'. pusillus
and G. larwoodi.

From its description and published measure-
ments (Thomas, 1901; Hollister, 1919; Roche,
1976), G. harwoodi seems to be very close to G.
bottai, but my comparative material is insufficient
(Table 1) to prove a synonymy of these; Roche
(1976) emphasizes the darker coloration of G. lar-
woodi in contrast to G. pusillus, which is also true
for G. bottai.

It cannot be excluded that some of the specimens
listed by Yalden et al. (1976) as G. ruberriniis
Rhoads, 1896 (which included G. iarwoodi as a syn-
onym), belong to G. bottai.

The above comparisons suggest regarding G.
stigmonyx Heuglin, 1877, as a nomen dubium and
uniting G. luteolus Thomas, 1901, and G. harwoodi
Thomas, 1901, under the older name G. bottai La-
taste, 1882, which would belong to the subgenus

Hendecaplenra as redefined by Schlitter and Setzer

(1972).

Sennar (or in other spellings, Senar, Sennaar,
Senaar) was an independent kingdom of the Funj,
which was destroyed politically by the advance of
Arabs into the Bilad As-Sudan (the country of the
black). It stretched northward to Khartoum and
comprised most of the Blue Nile Valley to the
south, in what is now the Republic of the Sudan,
and westward to the White Nile (that is, the Nile
above Khartoum to Lake No) into the area of to-
day’s Kosti. There was a boundary with the Nilotic
Shilluk tribe; the Nilotic place names in that area
disappeared only at the end of the last century. Af-
ter the fall of the Sennar kingdom, the modern town
of Sennar was the capital of the region, but also had
an alternative name—Makwar; the first Blue Nile
Dam at Sennar was named Makwar Dam after its
construction in the second decade of this century.

Customs and traditions changed only slowly; do-
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mestic pigs were kept and eaten a hundred years
ago and were still offered for sale to Europeans in
1960. The name **Sennar’” for a geographical region
was gradually replaced by the Arabic designation
““Gezira,”” meaning the island (between the two
Niles). During the British rule, the Blue Nile Prov-
ince was formed, and Sennar became a district.
To the early travellers and explorers, Sennar was
but the region, and not a place or town. Bruce
(1791) described the position of Sancaha as on the
border between Sennar and Ethiopia. Eduard Riip-
pell, who explored in the northern Sudan, sent his
hunter to collect along the Blue Nile; all this ma-
terial now in the Senckenberg Museum is labelled
“*Sennar.”’ This is also valid for other collections
and has sometimes been used in a very liberal way,
as for Gazella dama ruficollis (H. Smith, 1827) from

NO. 6

Sennar, listed by Setzer (1956); there was never in
recent times a dama gazelle to the east of the Nile.

Occasionally the meaning of Sennar remains
completely obscure to its user; Elliot (1912) de-
scribes the distribution of Papio cynocephalus as
Nubia, Central and East Africa in Sennar.

Many species were described from Sennar (com-
pare list of synonyms in Setzer, 1956) and in most
cases if not all, this has to be identified as rerra
typica, not as a locus typicas. If in the early de-
scriptions of species from the Blue Nile region the
habitat is given as Sennar, and other places which
can be more precisely identified, like Sennar and
Fazoglo (= Fazughli) for Rhinopoma sennaariense
Fitzinger, 1866, preference should be given to the
second habitat name as type locality (Kock, 1969),
especially as there is no hill at Sennar where these
bats could find a cave to shelter.
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KARYOTYPE OF GERBILLUS PYRAMIDUM 1. GEOFFROY
(RODENTIA, GERBILLIDAE) FROM SENEGAL
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W. BOHME

Museum Alexander Koenig, Adenauerallee 150, Bonn, West Germany

ABSTRACT

Gerbillus pyramidum is reported from Senegal for the first
time. The external and cranial measurements and karyotype of

the female specimen are presented.

INTRODUCTION

A large hairy-footed gerbil was collected for the
first time in Senegal near M'Boro (15°12'N,
16°55'W), in December 1975 by W. Béhme, during

orange-fawn in color, but rather pale. The hairs of
the middle of the back have a gray base; those of
the sides are white. The belly is pure white. A dark

a scientific expedition (for details of this excursion " line surrounds the eye; there is a white spot just
see Bohme, 1978). behind the eye and another behind the ear. The vi-

This specimen is a large female: its dorsal fur is brissae are pale or dark.

RESULTS

External measurements are given to the nearest foot, 34; occipitonasal length, 34.8; greatest zygo-
millimeter. Cranial measurements were taken with matic breadth, 19.1; least interorbital constriction,
a dial caliper and recorded to the nearest tenth of 6.1; length of maxillary toothrow, 4.8; auditory bul-
a millimeter. The bullae are measured as indicated la, 9.3.
by Ellerman and Morrison-Scott (1951), that is from The karyotype was prepared by the ‘‘air-drying’’
the paraoccipital process to the anterior tip of the method and shows 40 chromosomes—18 pairs of
bulla. Length of feet includes the claws. biarmed chromosomes and one pair of small acro-

External and cranial measurements were as fol- centrics (Fig. 1). The two X-chromosomes are meta-
lows: head and body, 122; tail, 156; ear, 14; hind centrics. The FN is 78 arms.

DISCUSSION

According to Petter (1975), the morphological
characters and the measurements are those of Ger-
billus pyramidum 1. Geoffroy, 1825. The karyotype
(2N = 40) is closely related to those published by
Matthey (1952), from Beni Abbes, Algeria, by
Wharman and Zahavi (1955) also from Algeria, by
Jordan et al. (1974) from Tunisia, and by Lay et al.
(1975) from Morocco. These last authors still dis-
tinguished Gerbillus pyramidum tarabuli, with 2N
= 40, from Gerbillus pyramidum pyramidum,
whose karyotype, with 38 chromosomes, is similar
to that described by Wassif et al. (1969) from Egypt.
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The Senegalese specimen was collected in a very
dry coastal area consisting of wind-blown sand
dunes of quaternary origin; herpetologically these
sand dunes are characterized by lizards with north-
ern (Palearctic) affinities (for example, Acantho-
dactylus dumerili, Scincus albofasciatus, Chalcides
sphenopsiformis and so on). The rather large mea-
surements of the Senegalese specimen agree with
those of the other specimens collected south of the
Sahara (Rosevear, 1969; Setzer and Ranck, 1971).
It presented the same morphological details as
those described by Lay et al., 1975: *‘tympanic and



HUBERT AND BOHME—GERBILLUS KARYOTYPE

1978
TEY, L. b g g g
N x 'i 7,
aﬂi x £ W

X %

XA

39

£Y X3

e g
o

iy
X X

Fig. 1.—Karyotype of a temale Gerbillus pyramidum from M’'Boro, Senegal.

mastoid components of the auditory bullae are dis-
tinctly less voluminous in G. pyramidum, the an-
terior end of the basio-occipital contacts the medial
walls of both tympanic bullae and is relatively nar-
rower in the Algeria-Morocco sample; the posterior
palatine foramina are shorter and more constricted;
the nasal-frontal bone contact is broad in G. pyr-
amidum and narrow in the Algeria-Morocco sam-
ple.”

This gerbil, whose chromosomes are nearly all
metacentrics, and whose karyotype, the first known

south of the Sahara, is homogenous with the other
populations of Gerbilius pyramidum from Africa,
seems to be particularly closely allied with the spec-
imens from Morocco. A hypothesis is that these
individuals have been derived from a single ancient
population that existed throughout the Sahara;
however the communication is now broken, as it is
for Mastomys (Tranier, 1974). An extensive collec-
tion of Gerbillus from this area and other similar
but distant areas would allow completion of this
study.

LITERATURE CITED

BouME, W. 1978. Zur Herpetofaunistik des Senegal. Bonn.
Zool. Beitr., in press.

ELLERMAN, J. R., AND T. C. S. MoRRISON-ScoTT. 1951. Check-
list of Palaearctic and Indian mammals, 1758 to 1947. British
Mus. (Nat. Hist.), London, 810 pp.

JorpAN, R. G., B. L. DAvis, aAND H. BAccaRr. 1974. Karyotypic
and morphometric studies of Tunisian Gerbillus. Mammalia,
38:667-680.

Lay, D. M™ K. AGeRsON, AND C. F. NADLER. 1975. Chromo-
somes of some species of Gerbillus (Mammalia: Rodentia).
Z. Saugetierkunde, 40:141-150.

MATTHEY, R. 1952. Chromosomes sexueis multiples chez un
Rongeru (Gerbillus pyramidum). Arch. Julius Klaus-stift.
Vererbungsforsch. Sozialanthropol. Rassembyg., 27:163—
166.

PETTER, F. 1975. Part 6.3, subfamily Gerbillinae. Pp. 1-14, in
The mammals of Africa: an identification manual (J. Meester
and H. W. Setzer, eds.), Smithsonian Inst. Press, Washing-
ton, D.C.

ROSEVEAR, D. R. 1969. The rodents of West Africa. British Mu-
seum (Nat. Hist.), London, xii + 604 pp.

SETZER, H. W., AND G. L. RANCK. 1971. A new Gerbil (genus



40 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY NO. 6

Gerbillus) from the Chad. Proc. Biol. Soc. Washington, to the phylogeny and classification of the rodent genus Ger-
84:55-58. billis. Nature, 175:600.
TRANIER, M. 1974. Parente des Mastomvs du Marco et du Sen- WassiF, K., R. G. LUFTY, AND S. Wassir. 1969. Morphological,
egal (Rongeurs, Murides). Mammalia, 38:558-559. cytological and taxonomical studies of the rodents genera
WAHRMAN, J., AND A. ZaHAaVI. 1955. Cytological contributions Gerbillus and Dipodilius from Egypt. Proc. Egypt. Acad.

Sci., 22:77-93.



KARYOLOGICAL AND MORPHOLOGICAL COMPARISONS OF
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ABSTRACT

The differences between two species of the Lemniscomys
striatus-complex of lvory Ceast are described with the help of
karyological, merphological, and biostatistical techniques. Lem-

niscomys s. striatus has a chromosomal set of 44, whereas L.
bellieri has 2N = 56.

INTRODUCTION

Two forms of the Lemniscomys striatus-complex
are known to occur in Ivory Coast. One we consid-
er to be typical Lemniscomiys striatus, the other is
Lemuiscomys bellieri.

The original description of Lemmniscomys striatus
by Linnaeus (1758) is so incomplete and vague that
it can be matched to any of the known forms of the
striatus-complex. Moreover the original type local-
ity ‘‘India” mentioned by Linnaeus is clearly er-
roneous. Thomas (1911), in trying to solve this
problem, concluded that the specimen described by
Linnaeus probably came from Sierra Leone.

When we consider the geographic distribution of
the Lemmniscomys striatus-complex as it is actually
known and that the original type-specimen un-
doubtedly came from a region not too far from the
seashore, we have to conclude that the specimens
of the forest-belt of the Ivory Coast are to be as-
signed to typical Lemuiscomys striatus. This form

lives in the clearings of the forest, at the fringes of
the forest, in the cultivated areas near the villages,
and in the more or less forested savannah.

In this publication we will discuss the biometrical
and karyological differences, which enabled us to
describe Lemniscomys bellieri as a new species
(Van der Straeten, 1975h). As far as is known this
new species inhabits the Guinean savannah (arbor-
ated and gras savannah) as well as the doka savan-
nah of Ivory Coast and Ghana. In a forthcoming
paper, we will show that Lemniscomys bellieri is
related to L. macculus of eastern Africa.

In eastern Africa (more specifically northern and
eastern Zaire, southern Sudan, Ethiopia, Uganda,
Rwanda, and Burundi) there coexists, just as in
Ivory Coast, a bigger (L. s. striatus or L. s. mas-
saicis) with a smaller (L. macculus) form of the
Lemniscomys striatus-complex.

MATERIAL AND METHODS

For this study we were able to examine the very important
collections made in Ivory Coast by our friend and colleague Dr.
L. Bellier during the period 1963-1971. These collections were
kindly made available to us by the O.R.S.T.0O.M.

Out of this very important collection we studied 251 specimens
of Lemniscomys bellieri, all of which were captured in Lamto
(06°12'N; 04°58'W). The 395 specimens of Lemuniscomys s. stria-

41

tus we included in this study were obtained in Adiopodoumé
(05°20'N; 04°08'W), Dabou (05°21'N; 04°26'W), Lamto, and
Mopoyem (05°19'N; 04°30'W). All of this material will later be
deposited in the Muséum National d'Histoire Naturelle (Paris-
France) and in the Koninklijk Museum voor Midden-Afrika (Ter-
vuren-Belgium). The complete list of the specimens is published
in Van der Straeten (1975q).
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Fig. 1.—Karyotype of a male Lemniscomys s. striatus (coll. no. 846) and sex chromosomes of a female L. s. striatus (coll. no. 807).

The chromosome slides with the air-dried preparations were
made in the Laboratoire d’Ecologie animale of the O.R.S.T.O.M.
in Adiopodoume, Ivory Coast, during February and March 1972.
The eight specimens of Lemniscomys bellieri (six males and two
females) were captured in Lamto and produced 74 (57 male and
17 female) countable mitoses spreads from which 12 (seven male
and five female) were selected for measuring. All of the karyol-
ogical results for Lemniscomys striatus striatus were obtained
with five specimens (two males and three females) from Dabou
and 10 (four males and six females) from Adiopodoumé. To-
gether they produced 198 (62 males and 136 female) countable
mitoses spreads, from which 55 (21 male and 34 female) were
measurable. The following specimens in the Koninklijk Museum
voor Midden-Afrika (collector numbers in parentheses) were those
from which air-dried karyological preparations were made: Lem-
niscomys bellieri, Lamto (males—1275, 1276, 1282, 1331, 1334,
1339; females—1266, 1279): Lemniscomys s. striatus, Adiopo-

doumé (males—29, 569, 1010, 1104; females—119, 568, 1145,
1176, 1312, 1386); L. s. striatus, Dabou (males—=830, 846; fe-
males—=807, 831, 848).

Skull measurements and statistical methods are the same as
used in former studies (Van der Straeten and Van der Straeten-
Harrie, 1977; Van der Straeten and Verheyen, 1977). The 18
measurements which were used are enumerated in Table 3. The
external measurements were copied from the labels. The hind
foot length was measured with the nail.

The air-dried preparations were made following the slightly
modified method of Hsu and Patton (1969). The chromosomal
measurements were taken with a curvimeter; each measurement
was taken 10 times, after which the mean was calculated. These
data were used to pair the chromosomes. This pairing procedure
was executed with an IBM 1130 computer and a FORTRAN pro-
gram.

RESULTS

Description of Karyotypes

Lemniscomys striatus striatus.—Of the 198
counted mitoses spreads, 78.8% have 2N = 44 and
NF = 72. The karyotype is composed of eight pairs
of telocentric chromosomes, seven pairs of subtel-
ocentric chromosomes, six pairs of metacentric
chromosomes, and 1 pair of sex chromosomes XX’
or XY (see Figs. 1 and 2). The X-chromosome is
the largest metacentric chromosome; the X' the
only submetacentric one. The Y-chromosome could

not be identified with absolute certainty but we sup-
pose that it is the smallest metacentric chromo-
some.

It is remarkable that in the females the sex chro-
mosomes form a heterogenic pair. The difference
between the X and X' chromosome is due to a dif-
ference in length of the short arms.

In some of the telocentric chromosomes a very
short additional arm can be observed; it is possible
that a number of them should be considered to be
acrocentric. However the quality of the preparation
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chromosome.

and the photographs did not allow further investi-
gation.

With the exception of the sex chromosomes we
could not find a difference between the male and
female karyotype.

Lemniscomys bellieri —Of the 74 studied mitoses
spreads, 55.4% show a diploid number of 56 (= 2N)
and a fundamental number of 78 (=NF). The karyo-
type is composed of 17 pairs of telocentric chro-
mosomes, seven pairs subtelocentric chromosomes,
three pairs metacentric chromosomes, and one pair
of sex chromosomes XX’ or XY (see Figs. 3 and
4).

In this species the X-chromosome is also the larg-
est metacentric of the karyotype and the X’ chromo-
some is submetacentric. The Y-chromosome is the

Table 1.—Eigenvalues of the canonical transformation with test
of significance.

Relative
impor- Degrees
Eigen- tance Chi- of Proba-
No value (%) square  freedom  bility
1 373.792 81.7 872.046 76 1.000
2 61.164 13.4 269.359 54 1.000
3 14.264 3.1 83.239 34 0.999
4 8.260 1.8 31.069 16 0.987

second longest metacentric or is perhaps submeta-
centric. Here also the sex chromosomes of the fe-
male form a heterogenic pair XX'.

There is a certain similarity between the karyo-
types of L. striatus striatus and L. bellieri when we

Table 2.—FEigenvectors of 19 variables for the first three canon-
ical variates.

Variable
code 1 2 3

HL 0.5831 0.1932 —-0.3783
GRLE —0.9375 —0.4675 0.3525
PRCO 0.4559 3.8381 —0.2940
HEBA 0.3818 —2.6529 0.4863
HEPA 0.7462 —0.4103 0.9431
PAF —0.0886 1.1638 0.5596
D1A1 —0.3928 —3.4485 —1.6678
DI1A2 —0.6140 0.5533 -0.6217
INT 2.2791 —-0.6067 1.6093
ZYG 0.2112 0.4286 0.9798
UPTE 0.0120 —-1.9578 —0.2864
UPDE —0.7466 1.6011 1.4716
Mt 4.3813 —1.5595 —13.0248
ZYPL —0.1754 0.2801 —0.8379
BNAS —0.5152 -1.2736 —2.1432
LNAS 1.0952 0.2441 —0.5363
LOTE 0.3778 0.7545 —0.1532
BUL —4.1282 —0.0960 —1.4002
BRCA 0.4681 —0.8785 —0.0589
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Fig. 3.—Karyotype of a male Lemniscomys bellieri (coll. no. 1275) and sex chromosomes of a female L. bellieri (coll. no. 1279).

consider the X-chromosome, the X’-chromosome,
and the seven pair of subtelocentric chromosomes.

Canonical Analysis

For the canonical analysis, we used 397 speci-
mens collected in four localities and divided as fol-
lows in five groups: 1, Lemmuiscomniys s. striatus,
Adiopodoumé (25 specimens); 2, Lemmuiscomys s.
striatus, Dabou (74); 3, Lemniscomys s. striatus,
Mopoyem (88); 4, Lemnuiscomys s. striatus, Lamto
(43); S, Lemuniscomys bellieri, Lamto (167).

We based this analysis on 18 skull measurements
(see Table 2) and one external measurement (the
hind foot length). The four canonical variates differ
significantly from O. The first contains 81.7% of the
total variation; the first and second together repre-
sent 95.1% of the total variation. In Table 1 we give
the eigenvalues of the canonical transformation and
in Table 2 the eigenvectors of the 19 variables for
the first three canonical variates. Starting from
these eigenvectors a graphical representation is
made. For each group the center and the most ex-
treme values are indicated by a polygonal delimi-
tation. In Fig. 5 we give the graphical representa-
tion of the first and second canonical variate.

The first canonical variate shows a very clear di-
vision between two groups—Lemniscomys bellieri
and L. s. striatus. The overlap is very small. The
second canonical variate separates Lewmniscomys s.

striatus in two subgroups depending upon their geo-
graphic origin; one subgroup includes the speci-
mens from Adiopodoumé-Dabou and the other in-
cludes animals from LLamto-Mopoyem. The overlap,
however, is extensive. The third canonical variate
gives no further information.

When we consider the same species but now with
the specimens grouped in age-classes we obtain
similar results. Indeed, the first canonical variate
separates L. bellieri from L. s. striatus, whereas the
second variate separates the specimens on the basis
of age.

Finally, if we consider the same species but now
grouped following age and collecting locality similar
results are obtained. The first variate separates bel-
lieri from striatus and the second one separates the
specimens according to age. In the second variate
the differences between the subgroups Adiopo-
doumé-Dabou and Lamto-Mopoyem remain when
one compares animals of comparable age groups.

Taxonomical Characters and
Discrimination Analysis

Lemniscomys bellieri is in its overall measure-
ments clearly smaller than L. s. striatus (Table 3).
This is especially true for the hind foot length of the
adults—L. bellieri 25.4 mm (23.0-27.0); L. s. stria-
tus 26.0 mm (24.0-31.0).

Both species differ also strikingly in their dorsal
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chromosome.

pelage pattern. L. s. striatus has on both sides of its
black mediodorsal stripe, eight light longitudinal
stripes, each of which on closer examination is
composed of a row of individualized spots (more to
the eastern part of Africa-Zaire and Ethiopia—we
find specimens of L. s. striatus where the individual
spots show the tendency to blend into a set of con-
tinuous longitudinal light stripes). Lemuniscomys
bellieri also shows eight light longitudinal stripes on
each flank and a sharply defined black mediodorsal
line. It must be noted, however, that only the third,
fourth, and fifth stripes are clearly outlined. The in-
dividual spots are not neatly defined and melt more
or less away in the darker background, resulting in
an even more fuzzy dorsal pattern.

Lemniscomys s. striatus is craniometrically larg-
er than L. bellieri and M, of L. 5. striatus has mostly
an Sm, which is generally absent in bellieri.

Notwithstanding all these morphological and
metrical characters, a correct determination can
give some difficulties when one examines only a
skull. For this reason, we calculated two discrimi-
nant functions. Because these functions are based

DISCUSSION AND

There can be no doubt that two species of the
Lemniscomys striatus-complex exist in the Ivory

on museum material exclusively from Ivory Coast,
it is obvious that the proposed functions can only
be used on Ivory Coast specimens.

For the first discriminant function we used all of
the 18 cranial measurements as well as the hind foot
length (including nail). The data for 229 specimens
of L. s. striatus were included as well as the data
for 167 specimens of L. bellieri. The first discrimi-
nant function is calculated as follows: K = 2.416
x HL + 7.517 x INT + 16.284 x M! + 2.553 x
LNAS — 16.525 x BUL — 70.229. if K > 0, then
we are dealing with L. s. striatus, if K < 0, then it
is L. bellieri. The chance of misidentification is
3.5%.

The second discriminant function concerns only
the cranial measurements and was computed with
the same data as the first. It is calculated as follows:
K = 4.320 x HEPA — 3.985 x DIA 2 + 8.427 x
INT + 2.772 x LNAS — 13.470 x BUL — 23.793.
If K > 0 then the specimen is a L. s. striatus; if K
< 0, it is a L. bellieri. The chance of misidentifi-
cation here is 6.2%

CONCLUSIONS

Coast—the smaller L. bellieri and the larger L.
striatus striatus. It was possible to describe L. bel-
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Fig. 5.—Canonical analysis: canonical means (solid circles) and extreme limit of each cloud of points; canonical variates I (abscissa) and
IT (ordinate); 1 (A) Lemniscomys s. striatus from Adiopodoumé, 2 (B) L. s. striatus from Dabou, 3 (C) L. s. striatus from Mopoyem,

4 (D) L. s. striatus from Lamto and 5 (E) L. bellieri from Lamto.

lieri as a new species because we are in the pos-
session of a very important series of skins and
skulls, which allowed a biostatistical approach, and
we made air-dried preparations for karyological
study.

In all of the older museum collections we were
able to examine, we found only two specimens of
L. bellieri (British Museum Natural History,
23.2.3.42 and 23.2.3.43, collected in 1922 by Lowe
and Hardy in Béoumi, Ivory Coast). Both animals
were labeled as belonging to the species L. striatus.
Rosevear (1969), who studied these specimens, not-
ed that they are smalier and show an aberrant dorsal
pattern. He explained both characteristics by stat-
ing that the specimens are juveniles, which is clear-
ly an error because the teeth and the skull sutures
show that we are dealing with adults.

The dorsal stripe pattern of L. bellieri shows a
certain similarity with that of L. striatus venustus.
However, in all other respects both are very differ-
ent. Indeed, the latter is the largest form of the
Lemniscomys striatus-complex, whereas bellieri is
the smallest.

The karyotypes of L. s. striatus and L. bellieri
show certain similarities in the X and X’ chromo-
some as well as in the seven pairs of subtelocentric
chromosomes. Matthey (1959) first described the
chromosomes of L. striatns. The results of his study
were 2N = 48, four metacentrical chromosomes,
and NF difficult to establish but probably around
60. It is probable that this specimen belongs to an
East African form of L. striatus. Regrettably, skin
and skull were not prepared so that an exact deter-
mination of his specimen will remain impossible.
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Table 3.—Measurements in mm of adult Lemniscomys. Number of specimens, mean, and range are given from left to right for each

species.
Variable
code Description L. s. striatus L. bellieri

HB Head and body length 331; 118.1 (61.0-170.0) 2205 109.8 (91.0-127.0)
TL Length of tail 300; 114.1 (30.0-143.0) 186; 113.3 (70.0-134.0)
HL Length of hind foot + nail 340; 26.0 (24.0-31.0) 211; 25.4 (23.0-27.0)

EL Length of ear 317, 15.2 (10.0-18.0) 203; 15.9 (13.0-19.0)

GRLE Greatest length of skull 317; 29.63 (23.30-33.395) 223; 28.25 (24.35-31.30)
PRCO Prosthion—condylion 346; 26.66 (23.16-30.10) 240; 25.31 (22.35-27.75)
HEBA Henselion—basion 346; 22.83 (19.10-25.70) 2305 21.47 (18.75-23.70)
HEPA Henselion—palation 349; 12.27 (10.40-13.70) 244; 11.50 (10.20-12.85)
PAF Length of palatal foramina 349; 5.83 (4.85-6.85) 240; 5.53 (4.80-6.30)

DIAL Length of diastema 349; 7.17 (5.75-8.50) 242; 6.72 (5.80-7.75)

DIA2 Distance between the anterior border of the 331; 7.70 (6.20-9.20) 225; 7.21 (6.15-8.20)

alveole of M! and the edge of upper incisor
INT Interorbital breadth 349; 4.87 (4.30-5.55) 241; 4.42 (3.85-5.05)
ZYG Zygomatic breadth on the zygomatic process 328; 13.54 (11.95-15.30) 229; 12.82 (11.20-14.40)
of the squamosum

UPTE Length of upper cheekteeth 353; 5.35 (4.60-5.90) 2507 S.11 (4.60-5.65)

UPDE Breadth of upper dental arch 330; 6.06 (5.20-6.95) 233; 5.82 (5.15-6.50)

M: Breadth of M! 355; 1.66 (1.40-1.85) 248; 1.61 (1.45-1.75)

ZYPL Breadth of zygomatic plate 350; 3.56 (2.95-4.20) 242; 3.35 (2.65-4.10)

BNAS Greatest breadth of nasals 329; 3.34 (2.70-4.30) 230; 3.16 (2.70-3.65)

LNAS Greatest length of nasals 317; 11.59 (9.30-13.60) 223; 10.64 (8.55-12.20)
LOTE Length of lower cheekteeth 350; 5.09 (4.50-5.55) 251; 4.88 (4.45-5.45)

BUL Length of auditory bulla 339; 4.94 (4.25-5.60) 239; 5.08 (4.55-5.70)

BRCA Braincase breadth 345: 12.15 (11.05-13.00) 240; 11.69 (10.50-12.90)
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REVISION OF THE GENUS SACCOSTOMUS (RODENTIA,
CRICETOMYINAE), WITH NEW MORPHOLOGICAL AND
CHROMOSOMAL DATA FROM SPECIMENS FROM
THE LOWER OMO VALLEY, ETHIOPIA

BERNARD HUBERT
Laboratoire de Zoologie Appliquee, O.R.S.T.O.M., BP 1386, Dakar, Senegal

ABSTRACT

Based upon new records of Saccostomus from southwestern
Ethiopia, a revision of the genus is considered. Morphometric
and karyological evidence indicate two species should be rec-

ognized—S. campestris from southern Africa and S. mearnsi
from eastern Africa.

INTRODUCTION

Seven rodents of the genus Saccostornus were
collected during the summer of 1973 in the Lower
Omo Valley, Ethiopia, during a paleontological ex-
pedition directed by Y. Coppens. These individuals
are noteworthy because of their shaggy fur, uni-
formly brownish-gray in color, and consisting of

long, soft, and silky hairs. The belly of these spec-
imens is paler than the back, but still definitely gray-
ish, unlike the forms from southern Africa with
their pure white belly and their sleek but less shaggy
fur.

RESULTS AND DISCUSSION

Table 1 presents the main external and cranial
measurements for the specimens collected in the
Lower Omo Valley, Ethiopia; three specimens from
the British Museum, one from Ethiopia (reported
by Yalden et al., 1976) and two from Uganda; three
specimens from the Museum National d’Histoire
Naturelle (MNHN) de Paris with southern African
origin, one of which is the specimen studied by
Matthey (1958). The measurements published by
Roche (1976) for a specimen from Somalia are also
reported here. External measurements are given to
the nearest millimeter; cranial measurements were
taken with a dial caliper and reported to the nearest
tenth of a millimeter.

The specimens from northeast Africa (Uganda,
Ethiopia, and Somalia) have a gray belly, a long ear
(more than 20 mm), a long tail (more than 50 mm),
and a long maxillary toothrow (more than 5.0 mm).
The three southern specimens from the MNHN
have a white belly, a short ear (less than 20 mm),
a short tail (40 mm), and a short maxillary toothrow
(less than 5.0 mm). The same characters are present
on all the specimens from southern Africa that I
studied in the British Museum, particularly the co-
types of Saccostomus campestris Peters.

The karyotypes were observed for two individu-
als in 1973 by the ‘‘squash’® method as described
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by Matthey (1958), and for two others in 1976-1977
by the “*air-drying’’ method. The slides are not very
easily interpreted, but the chromosome number was
always between 40 and 42, never exceeding this last
number, in more than 20 metaphases observed
(Fig. 1). Ford and Hamerton (1956) published a ka-
ryotype of 2N = 44 for an individual of unknown
origin, but Matthey (1958) considers that it is diffi-
cult material to interpret and that the number of
chromosomes for Saccostomus campestris is 2N
= 46, as he personally observed on a specimen col-
lected in the Cape Province, South Africa.
Ellerman (1941) thought that there was only one
species of Saccostomus—S. campestris Peters.
Misonne (1968) agreed with him, but Roche (1976)
thought that his specimen from Somalia was closely
related to the other specimens from the *‘north,”’
and different from the southern African Saccosto-
mus campestris. 1 think that Ethiopian specimens,
which are different by their morphological charac-
ters, by their measurements, and by their karyo-
type, represent a distinct species together with all
the Saccostomus from the north of this area in Af-
rica (Ethiopia, Uganda, Somalia, and Kenya). Prior
to the revision of Ellerman (1941), different species
had been described from these countries as follows:
Saccostomus umbriventer, Miller, 1910; Saccosto-
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Fig. 1.—Karyotype of Saccostomus mearnsi from Omo Valley, Ethiopia.

mus mearnsi, Heller, 1910; Saccostomus isiolae,
Heller, 1912; Saccostomus cricetulus, Allen and
Lawrence, 1936. The holotypes of these species are
deposited in the Smithsonian Institution, Washing-
ton, D.C., and at the Museum of Comparative Zo-
ology, Harvard University.

The four species are closely related. The first de-
scribed is S. mearnsi, the holotype of which is an
adult male in good condition (better condition than
S. isiolae, but younger than S. umbriventer, which
is a very old female). S. cricetulus is not very dif-
ferent and when described by G. M. Allen and B.
Lawrence they thought that the four species might
be the same (Allen and Lawrence, 1936). 1 think
that Saccostomus mearnsi is the available name for
the northeastern species of Saccostomus character-
ized by a gray belly, a long tail (more than 49.0
mm), a large ear (more than 19.0 mm), a long max-
illary toothrow (more than 5.0 mm), and a karyo-
type of 2N = 40-42 chromosomes.

Table 2 shows the means of the length of the tail,
the ear, and the upper molar row for a group of

specimens from the American Museum of Natural
History, New York, from the United States Na-
tional Museum, Washington, D. C., and from the
Museum of Comparative Zoology, Harvard, col-
lected in different countries of eastern and southern
Africa. It shows the difference between the speci-
mens from Zambia (Northern Rhodesia), Angola,
Botswana (Bechuanaland), Malawi (Nyasaland),
Zimbabwe (Southern Rhodesia), Transvaal, and
Mozambique on one hand and from Tanzania,
Uganda, Kenya, and Ethiopia on the other hand.
The specimens from Kijungu, Tanzania, are re-
ferred to S. mearnsi, but they are a bit smaller than
the individuals from the other northeastern coun-
tries, and statistically significantly different. Their
karyotype is unknown.

An hypothesis to test is whether the division be-
tween the two species is the Rift Valley. Further-
more, it would be very interesting to collect some
specimens in southern Tanzania or in northern Mo-
zambique to test the possibility of speciation ac-
cording to the latitude in this region.

SUMMARY

Two different species of Saccostomus are rec-
ognized—S. campestris from southern Africa, char-

acterized by a white belly, a short ear (less than 19
mm), a small tail (less than 49 mm), a short upper
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molar row (less than 5.0 mm) and a karyotype of
2N = 46 chromosomes; S. mearnsi from eastern
Africa, characterized by a gray belly, a large ear,

NO. 6

a long tail, a long upper molar row and a karyotype
of 2N = 40-42 chromosomes.
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ABSTRACT

Data from specimens of West African taxa of Steatomys were
subjected to univariate and multivariate statistical analyses.
Geographic and nongeographic variation were analyzed based
upon an examination of 385 conventional museum specimens.
From the results of the analyses, three species of Stearomys are
recognized in West Africa. Stearomys cuppedius, a small mono-
typic species, occurs in the Sahel and Sudan Savanna zones of

West Africa. S. caurinus exhibits geographic variation; two sub-
species are recognized, one of which is described as new. S.
Jjacksoni is retained as a unique species known only by the ho-
lotype from Ghana. Both S. caurinus and S. cuppedius exhibit
a high degree of variation with age. Geographic distributions of
the West African taxa are plotted based upon specimens exam-
ined and literature records.

INTRODUCTION

Fat mice of the genus Steatomys are members of
the rodent family Muridae and together with the
genera Dendromus, Prionomys, Dendroprionomys,
Leimacomys, Deomys, and Malacothrix are includ-
ed in the subfamily Dendromurinae. The phyloge-
netic affinities of the genera of this subfamily are
little understood and the taxonomic relationships of
the many described taxa are poorly known. Geo-
graphically, genera of this subfamily are distributed
throughout subsaharan Africa in habitats ranging
from subdesert to forest.

Species of the genus Steatomys occur throughout
subsaharan Africa in habitats ranging from subdes-
ert to degraded forest or forest edge. Generally,
however, they are found in savannah. In spite of
their widespread occurrence, specimens of the ge-
nus are not often taken because they do not readily
enter any type of traps. In areas where individuals
can be captured by hand at night or dug from their
burrows, significant samples are being accumulat-
ed.

Initially, specimens were few and wide hiatuses
existed between samples. During the last half of the
nineteenth and early part of the twentieth centuries,
individuals from each locality were usually de-
scribed as a new taxon. There have been two major
listings of the taxa in the genus. Allen (1939) listed
18 species with 26 subspecies, whereas Ellerman

(1941) gave 18 species with 24 subspecies, some of
which differed from Allen’s list.

Three species of Steatoinys have been described
from West Africa—S. caurinus Thomas, 1912, from
Panyam, Nigeria; S. cuppedius Thomas and Hin-
ton, 1920, from Farniso [=Panisau], Nigeria; S.
jacksoni Hayman, 1936, from Wenchi, Ghana, Al-
len (1939), Ellerman (1941), and Rosevear (1969)
considered these three taxa to be distinct species,
based generally on the original descriptions. In a
recent provisional checklist of the genus, Coetzee
(1977) listed both S. caurinus and S. jacksoni as
subspecies of S. pratensis Peters, 1846, and S. cup-
pedius as a subspecies of S. parvus Rhoads, 1896.
Both S. prateusis and S. parvus were considered
by Coetzee (1977) to be widespread savannah-oc-
curring Panafrican species. However, he has ad-
mitted to perhaps oversynonymizing the nominal
taxa in his provisional checklist, wherein he rec-
ognized three species in the genus.

Relationships of the three West African forms to
other species within the genus in the remainder of
Africa is beyond the scope of the present study. A
short review of described forms, which might occur
sympatrically or parapatrically with these three
taxa follows. Steatomys opimus Pousargues, 1894,
originally described from material from the region
now included in the Central African Empire, is
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found in degraded forest and woodland savannah in
central Africa (Coetzee, 1977). Because it is known
to occur in the Cameroons, it might therefore also
occur in the southern parts of West Africa, at least
in southern Nigeria. A large species (greatest length
of skull above 30), Steatomys opimnus, is considered
by Coetzee (1977) to be only subspecifically distinct
from S. pratensis, a more geographically wide-
spread species described originally from southern
Africa. Three additional species occur in the Sudan
(Setzer, 1956)—S. aquilo, S. gazellae, and S. tho-
masi. Coetzee (1977) also synonymized S. aquilo

MATERIALS

Conventional museum skins and skulls of 385 specimens of
the genus Steatomys from West Africa were examined. All of
the holotypes of western African taxa were examined by both
authors. Five external and 14 cranial measurements were re-
corded, in millimeters, from nearly all specimens examined. Ex-
ternal measurements were listed from the specimen labels; cra-
nial measurements were taken with dial calipers. Definitions of
these cranial measurements are given below:

Greatest length of skull.—Greatest distance from the anterior
edge of the nasal bones to the posteriormost edge of the occipital
bone.

Condylobasal length.—Greatest distance from the anterior-
most projection of the premaxilla between the incisors to the
posterior edge of the occipital condyles.

Zygomatic breadth.—Greatest distance across zygomatic
arches at right angles to longitudinal axis of cranium.

Interorbital breadth.—Least distance across interorbital con-
striction.

Rostral breadth.—L east distance across the rostrum imme-
diately anterior to the zygomatic plate.

Oblique length of bulla.—Greatest oblique length of auditory
bulla, taken from a point adjacent to the paraoccipital process
to the anteriormost edge of bulla.

Greatest length of bulla.—Greatest oblique length of bulla tak-
en from the posterior edge of mastoidal bulla to the anteriormost
edge of auditory bulla.

Length of macxillary toothrow.—Least distance from the an-
terior edge of alveolus of M! to posterior edge of the alveolus of
M3,

Breadth across upper molars.—Least distance, measured at
right angles to the longitudinal axis of the skull, from the widest
point on the labial edge of the crowns of M! in each maxillary
toothrow.

Length of anterior palatal foramen.—Greatest distance from
anterior edge to the posterior edge of the anterior palatal fora-
men.

Length of posterior palatal foramen.—Greatest distance from
the anterior edge to the posterior edge of the posterior palatal
foramen.

and S. gazellae with S. parvus, and S. thomasi with
S. prateusis.

The purpose of this study was to examine the
systematic relationships of the nominal taxa of the
genus Steatomys in West Africa, based on sizeable
unreported collections in the Smithsonian Institu-
tion, Washington, D.C. Here West Africa is con-
sidered to be that portion of Africa west of the Ni-
gerian border and south of the Sahara. This
geographic limitation is not the same as that used
by Rosevear (1965, 1969) who included those parts
of Cameroon west of the Sanaga River.

AND METHODS

Length of diastema.—Greatest distance from the posterior
edge of the alveolus of the incisors to the anterior edge of the
alveolus of M!.

Height of skull.—Greatest height of skull (taken perpendicular
to the horizontal plane of skull when placed on a microscope
slide).

Length of mandibular toothrow.—Least distance from the an-
terior edge of the alveolus of M, to posterior edge of the alveolus
of M,.

Univariate statistical analyses were performed on an IBM 360
computer at Carnegie-Mellon University, Pittsburgh, and mul-
tivariate statistical analysis on an IBM 370 computer at Texas
Tech University, Lubbock. Univariate analyses of secondary
sexual, age, and individual variation were performed using the
UNIVAR program developed and published by Power (1970).
Standard statistics (mean, range, standard deviation, standard
error, variance, and coefficient of variation, among others) are
generated by this program. In the event of two or more groups
being compared, a single-classification analysis of variance (AN-
OVA) to test for significant differences between or among means
is employed. When means were found to be significantly differ-
ent, the Sums of Squares Simultaneous Test Procedure (SS-STP)
was used to determine maximally nonsignificant subsets.

Multivariate statistical analyses were performed using the Nu-
merical Taxonomy Systems (NT-SYS) package developed by F.
J. Rohlf, R. Bartcher, and J. Kishpaugh at the University of
Kansas. In these analyses the OTUs were grouped localities
(geographical samples) and the values used for each measure-
ment were arithmetic means for the measurement. Matrices of
Pearson’s product-moment correlation and taxonomic distance
coefficients were computed. Cluster analyses were performed
using the unweighted pair-group method using arithmetic aver-
ages (UPGMA) on correlation and distance matrices, and phe-
nograms were generated for both. Only the distance phenogram
is given as it gave larger coefficients of cophenetic correlation
and the results of the distance phenogram also agree more
closely with other analyses. Three principal components were
extracted from the matrix of correlations, and a three-dimen-
sional projection of the samples onto the three principal com-
ponents was made. For the theory and use of these tests, see
Sokal and Sneath (1963), Schnell (1970), Atchley (1970), Geno-
ways (1973), and Sneath and Sokal (1973).
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AGE 1l AGE

AGE IV

Fig. l.—Diagrammatic representations (drawn from camera lucida) of left maxillary toothrows of Steatomys cuppedius illustrating wear
pattern for age categories 11, 111, and 1V individuals. Age category I, not shown, is the same as shown for category II, except that M?

is not fully erupted.

NONGEOGRAPHIC VARIATION

The kinds of nongeographic variation considered
in the study include secondary sexual, age, and in-
dividual variation. Individuals were first sorted by
sex and age and tested for nongeographic variation
with samples maintained in separate age and sex
categories (Straney, 1978). This method should
keep separate the effect of age and sex upon non-
geographic variation. Then, in the absence of sig-
nificant secondary sexual variation in each age cat-
egory, the sexes were combined in the geographic
samples used for the analysis of age variation.

Secondary Sexual Variation

Specimens from selected populations of Sreato-
mys cuppedins and S. caurinus were assigned to
one of four age categories (see section on Age Vari-
ation for details of ageing method and criteria).
Steatomys cuppedius males and females of age cat-
egories 1l and IIl from Panisau, Nigeria, and age
category Il from Senegal were tested for significant
differences in size. Similar tests between various

ages of samples of male and female S. caurinis
from Pirisi, Ghana (age Il and I1I); Gudi, Nigeria
(age I1I); and Cella, Upper Volta (age II) were per-
formed. These samples were tested as only those
populations and age categories from which suffi-
cient individuals of both sexes were available could
be analyzed.

The results of these tests on age category II in-
dividuals of S. cuppedius from Panisau, Nigeria,
and of §. cawurinus from Pirisi, Ghana, are shown
in Table 1, whereas the results for age category Ii1
of the same geographic samples are listed in Table
2. The data for the other comparisons given above
are not presented but are on file in the Section of
Mammals, Carnegie Museum of Natural History.

Steatomys caurinus.—No significant differences
in measurements between 16 males and 20 females
from Gudi, Nigeria (age III), 13 males and 14 fe-
males from Cella, Upper Volta (age II), and 14
males and nine females from Pirisi, Ghana (age II)
were found. The results of the latter comparison are
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Table 1.—Secondary sexual variation in external and cranial
measurements of age category Il specimens of Steatomys caur-
inus from Pirisi, Ghana, and S. cuppedius from Panisau, Ni-
geria. Means for males and females that are significantly dif-

BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY

ferent at the 5% level are marked with an asterisk.

Measurements
and sex

N Mean = 2 SE  Range CvV

Total length
Male
Female

Length of tail
Male
Female

Length of hindfoot
Male
Female

Length of ear
Male
Female

Weight
Male
Female

Steatomys caurinus

11 139.4 =538 130-156 6.4
9 133.4 = 4.10 128-147 4.6
11 38.8 = 1.54 34-41 6.6
9 394216 35-46 8.2
11 19.0 = 0.38 18-20 3.3

18.4 = 0.59 17-20 4.8

11 16.3 = 0.55 15-18 5.6
15.8 = 0.44 15-17 4.2
11 34.4 = 7.40 19-60 35.7
322 £ 473 22-47 22.0

Greatest length of skull

Male
Female

Condylobasal length

Male
Female
Zygomatic breadth

Male
Female

Interorbital breadth

Male

Female
Rostral breadth

Male

Female

8 24.4 = 0.54 23.4-25.7 3.1
2

4 237 £0.46 23.2-24. 1.9
7 232 =046 22.5-243 2.6
6 227 +0.53 22.0-23.4 28
8 12.1 £0.28 11.4-12.6 3.3

3 11.8 =035 11.5-12.1 2.5

Oblique length of bulla

Male
Female

Greatest length of bulla

Male
Female

Length of maxillary toothrow

Male
Female

Breadth across upper molars

Male
Female

11 3.8 =0.09 3.7-4.1 4.1
8 3.8 £0.14 3.6-4.1 5.1
11 45 x0.10 43-438 3.5
9 43 +0.15 4.0-4.7 5.1
7 5.4 =011 5.1-5.5 2.8
4 53x0.19 5.1-5.5 3.6
7 8.0 =0.18 7.8-8.4 3.0
3 8.2+ 0.07 8.1-8.2 0.7
10 4.1 =013 3.8-44 5.0
9 3.9 = 0.09 3.6-4.1 3.6
11 5.6 £ 0.10 5.4-5.9 2.9

9 55+ 0.14 5.3-59 3.7

NO. 6
Table 1.—Continued
Measurements
and sex N Mean + 2 SE  Range Ccv
Length of anterior palatal foramen
Male 11 4.7 = 0.14 4.2-5.2 4.9
Female 9 4.6 +0.19 3.9-49 6.2
Length of posterior palatal foramen
Male 10 0.4 £0.07 0.2-05 24.6
Female 9 0.4 = 0.06 0.3-06 20.0
Length of diastema
Male 11 6.5 +0.19 5.9-7.0 4.8
Female 6.2 +0.20 5.7-6.5 4.6
Height of skull
Male 6 8.7 +0.23 8.4-9.1 3.3
Female 5 8.5+ 0.24 8.3-9.0 3.2
Length of mandibular toothrow
Male 11 3.5+ 0.12 3.2-39 5.9
Female 9 3.4 +0.14 3.0-3.7 6.2
Steatomys cuppedius
Total length
Male 24 109.7 = 3.5 97-129 3.5
Female 9 1063 = 4.3 94-112 4.3
Length of tail
Male 24 428 = 1.4 38-50 8.0
Female 8 421 =19 37-45 6.3
Length of hindfoot
Male 24 159 = 0.18 15-17 2.8
Female 9 156 =048 14-16 4.7
Length of ear
Male 24 12.7 £0.22 12-14 4.3
Female 9 124 = 0.35 12-13 4.2
Weight
Male 24 9.4 + 0.90 6-14 23.4
Female 9 8.7 £ 1.25 5-10 21.6
Greatest length of skull
Male 20 19.7 = 0.30 18.4-21.4 3.5
Female 8 19.2 +0.63 17.5-203 4.6
Condylobasal length
Male 21  18.5 = 0.30 17.5-20.0 3.8
Female 18.0 + 0.58 16.4-18.9 4.6
Zygomatic breadth
Male 23 10.8 = 0.14 10.3-11.5 3.0
Female 9 10.8 +0.26 10.2-11.5 3.5
Interorbital breadth
Male 24 3.6 = 0.05 3.3-39 3.6
Female 9 3.7 = 0.08 3.5-3.9 3.4
Rostral breadth
Male 24 3.7 = 0.08 3.3-4.1 5.6
Female 9 3.7 £0.12 3.5-39 4.6
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Table 1.—Continued

Measurements
and sex N Mean = 2 SE  Range cv

Oblique length of bulla

Male 17 4.5 £ 0.09 4.2-49 4.0

Female 6 4.5 £ 0.25 4.0-4.9 6.9
Greatest length of bulla

Male is 6.8 +0.13 6.4-7.3 3.8

Female 6 6.7 £ 0.2 6.2-7.1 4.8
Length of maxillary toothrow

Male 23 3.6 + 0.07 3.3-4.0 4.8

Female 9 3.7 = 0.12  3.4-3.9 5.1
Breadth across upper molars

Male 24 4.9 = 0.09 44-5.6 4.6

Female 9 4.9 = 0.13 4.6-5.2 4.0
Length of anterior palatal foramen

Male 23 3.7 £ 0.09 3.1-4.0 5.6

Female 9 3.6 £ 0.19 3.2-4.2 8.2
Length of posterior palatal foramen*

Male 22 0.4 =003 03-0.5 183

Female 9 0.5 =005 04-06 159
Length of diastema*

Male 24 4.6 = 0.10 4.1-5.0 5.3

Female 9 43 £0.05 4.2-44 1.8
Height of skull

Male 18 7.6 £ 0.10 7.2-7.9 2.8

Female 6 7.5+ 0.16 7.2-7.7 2.6

Length of mandibular toothrow
Male 22 3.
Female 9 3.

.06

0 2 4.3
0.13 2.

4
3 6.4

i
=

given in Table 1. In age category III, individuals
from Pirisi, Ghana, females were found to be sig-
nificantly larger than males only in rostral breadth
(Table 2).

Steatomys cuppedius.—No significant differ-
ences in size between 17 males and nine females of
age category Il from Senegal were found. However,
in age category II from Panisau, Nigeria, the length
of the posterior palatal foramen was larger in fe-
males, whereas the length of diastema was larger in
males (Table 1). In the population from Panisau,
Nigeria, males and females of age category I1I were
found not to differ significantly in size (Table 2).

Conclusions.—No significant differences in size
between males and females are obvious. From the
comparisons of sexes of two age categories from
five geographic samples, only two cranial measure-

Table 2.—Secondary sexual variation in external and cranial

measurements of age category Il specimens of Steatomys caur-

inus from Pirisi, Ghana, and S. cuppedius from Panisau, Ni-
geria. Significance levels are the same as for Table 1.

Measurements

and sex N Mean = 2 SE  Range CcV

Steatomys caurinus
Total length

Male 14 158.2 +4.59 137-169 5.4

Female 7 157.6 = 5.70  145-165 4.8
Length of tail

Male 14 43.1 £3.15 36-59 13.7

Female 7 414 265 36-46 8.5
Length of hindfoot

Male 14 19.7 = 0.39 18-21 3.7

Female 7  19.6 = 0.40 19-20 2.7

Length of ear

Male 14 17.2 = 0.43 16-18 4.7

Female 7 17.1 = 0.68 16-18 5.2
Weight

Male 14 54.4 = 5.08 37-68 17.5

Female 7 53.3 £8.3! 34-66 20.6

Greatest length of skull

Male 12 26.4 = 0.47 249-27.8 3.1

Female 5 263 =078 25.6-27.6 3.3
Condylobasal length

Male 12 25.3 = 0.53 23.5-26.6 .

Female 5 253 +0.63 24.7-264 2.8
Zygomatic breadth

Male 12129 +0.22 122134 3.0

Female 4 13.0 + 0.43 12.7-13.6 3.3
Interorbital breadth

Male 14 39 +0.10 3.6-4.2 4.7

Female 6 3.9+ 0.17 3.6-4.2 5.2
Rostral breadth*

Male 14 4.8 +0.13 4.4-5.1 5.2

Female 7 5.0+ 0.17 4.7-53 4.4
Obligue length of bulla

Male 13 5.8+ 0.12 5.5-63 3.7

Female 4 6.0 + 0.1 5.8-6.2 2.9
Greatest length of bulla

Male 10 8.8 +0.21 8.4-9.2 3.8

Female 5 8.8 £0.17 8.5-9.0 2.2
Length of maxillary toothrow

Male 14 4.0 = 0.09 3.7-43 4.1

Female 7 4.1 = 0.17 3.8-4.4 5.6
Breadth across upper molars

Male 14 5.9 +0.11 5.6-6.2 3.5

Female 7 6.1 = 0.17 5.8-6.4 3.8
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Table 2.—Continued Table 2.—Continued
Measurements Measurements
and sex N Mean =+ 2 SE  Range CvV and sex N Mean = 2 SE  Range Ccv
Length of antertor palatal foramen Oblique length of bulla
Male 14 50+0.11 47-54 4.0 Male 6 47+008 4.5-48 22
Female 7 52024 4.7-5.6 6.2 Female 8 4.7 £0.08 4.5-4.8 2.5
Length of posterior palatal foramen Greatest length of bulla
Male 14 0.5+ 0.09 0.3-0.8 31.0 Male 6 7.0 £ 0.12 6.7-7.1 2.2
Female 7 0.6 +0.16 03-1.0 38.6 Female 7 7.1 £ 0.26 6.4-7.4 4.8
Length of diastema Length of maxillary toothrow
Male 14 7.2 =0.19 65-7.8 4.9 Male 8 3.6 0.10 3.4-3.9 4.1
Female 7 7.3 +0.22 7.0-7.7 4.0 Female 8 3.7 +0.13  3.5-4.0 4.9
Height of skull Breadth across upper molars
Male 10 9.2 + 0.25 8.4-9.7 43 Male 8 5.1 £0.16 4.6-5.3 4.4
Female 4 +0.25 9.0-9.5 2.6 Female 8 5.1 £0.12 49-54 3.4
Length of mandibular toothrow Length of anterior palatal foramen
Male 13 3.5 +0.13 3.1-3.9 6.8 Male 8 4.0 =024 3.4-4.4 8.5
Female 7 34 +0.13 3.2-37 5.0 Female 8 3.9 £0.15 3.5-4.2 5.4
Length of posterior palatal foramen
Steatomys cuppedius Male 7 04007 03-0.5 217
Total length Female 8 0.4 =005 03-0.5 189
Male 8 1183 £5.82 107-133 7.0 Length of diastema
Female 8 117.9 + 486 105-125 5.8 Male 8 50+ 0.14 4.7-5.2 4.0
Length of tail Female 8 4.9 £ 0.12 4.6-5.1 3.4
Male 8 440 =298  39-52 9.6 Height of skull
[Femells S Male 6 78%0.16 7.68.1 2.5
Length of hindfoot Female 8 7.8 =0.19 7.5-8.2 34
Male 8 16.0 =0.38 15-17 33 Length of mandibular toothrow
Female 8 16.0 = 0.53 15-17 4.7 Male 8 30+ 0.1 2.7-3.2 55
Length of ear Female 8 3.1 £0.10 2.9-3.3 4.4
Male 8 13.5 £0.38 13-14 4.0
Female 8 129+ 0.59 12-14 6.5
Weight ments were found to be significantly different—in
Male 8 12.1+208 817 243 individuals of S. cuppedius from Panisau, Nigeria.
Female 8 13.3+1.55 10-17  16.5 Therefore, in all subsequent analyses the sexes
Greatest length of skull were pooled.
Male 8 20.5 = 0.47 19.6-21.4 3.2 A T
Female 8 208 =041 20.1-21.6 2. ge vanation
Condylobasal length Age categories used in this study are shown in
Male 8 194 <051 18.1-202 3.7 Fig. 1; these categories are usually referred to as
Female 8 19.6 = 0.37 19.1-20.6 2.7 follows: Age I, juveniles; Age II, subadults; Age III,
Zygomatic breadth young adults; Age IV, adults. Age I is not illustrated
Male 8 11.1 = 0.26 10.5-11.5 3.4 in Flg 1; M3 in this age category has not erupted
Female 8§ 11.3 =025 10.7-11.8 3.2 fully. These categories are arbitrary, based on den-
Interorbital breadth tal wear, and do not reflect reproductive age. Stea-
Male 8  3.6+0.13 3440 5.1 tomys cuppedius populations tested for age varia-
Female 8§ 37007 3.6-3.8 2.7 tion are the Senegal population, which had
Rostral breadth sufficient sample sizes in categories I, II, and IiI,
Male 8  3.9+0.14 3.6-4.1 4.9 and the Panisau, Nigeria, sample, which had ade-
Female 8§ 39=x0.14 37-43 50 quate numbers in categories I, III, and IV. Those
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Table 3.—Variation with age in external and cranial measure-
ments of Steatomys caurinus from Yama, Ivory Coast, and S.
cuppedius from Panisau, Nigeria. Age classes are listed in de-
creasing order from the largest mean. Vertical lines to the right
of each array of means connect maximally nonsignificant sub-
sets at the 5% level. Groups of means of nonsignificant differ-

ences are labelled ''ns.

Measurements SS-
and age classes N Mean = 2 SE  Range CV STP
Steatomys caurinus

Total length

v 10 166.8 = 8.00 155-200 7.5 |

111 13 147.8 = 6.54 134-169 8.0 |

11 14 1353 = 2.64 121-156 6.5 |
Length of tail

v 10 527 =394 45-64 118 |

111 13 457 +3.16 38-58 12.5 |

1l 44 441+ 155 35-55 117 |
Length of hindfoot

v 10 19.0 =073  17-21 6.1

111 13 18.8=0.51 1820 49 ns

11 44 185025 17-20 4.4
Length of ear

v 10 18.1+0.55 17-20 4.8

1 13 17.7+0.53 16-20 5.4

1 44 167+ 027  15-19 53 |
Weight

v 10 41.8 =4.66 35-58 17.6 |

J0 13 32.0 638 22-54 359 |

11 14 227+ 1.8 12-38 272 |
Greatest length of skull

v 0

11 4 254 = 1.14 243-26.5 4.5 |

11 11 23.7 + 035 22.7-24.6 2.4 |
Condylobasal length

v 5 258 £0.79 24.6-26.7 3.4 |

111 9 23.9 +0.63 22.8-253 4.0 |

1 29 227 £0.33 20.8-23.9 39 |
Zygomatic breadth

v 4 13.2%024 129-13.4 1.8 |

111 7 123 +0.53 11.3-13.0 5.7 I

11 23 117+ 020 10.7-12.5 4.1
Interorbital breadth

v 9 4.1 %007 3.9-42 2.5 l

111 12 39+0.07 3.6-41 33 ‘

11 38 3.8+0.05 3.4-41 4.4
Rostral breadth

v 9  5.1x0.15 49-55 43 |

1l 13 44=011 4.1-47 45 |

1l 39 42+0.06 3.9-46 4.3 |

59
Table 3.—Continued.

Measurements SS-

and age classes N Mean = 2 SE  Range CV STP
Oblique length of bulla

v 7 58%024 5361 5.6 |

11 10 5.4x0.15 49-57 43 |

11 34 5.3 £0.08 4.8-5.7 4.2 |
Greatest length of bulla

v 6 9.0+033 8695 45 |

11 8 8.4 = 0.18 8.0-8.8 3.1

II 31 8.2 £0.09 7.7-8.7 3.2
Length of maxillary toothrow

v 10 4.1 +0.14 3.7-44 5.5

11 13 4.1 £ 0.10 3.8-4.4 43 ns

11 42 4.0 =0.05 3.6-44 4.0
Breadth across upper molars

v 8 6.1x0.16 5865 3.8 |

111 12 5.7 +=0.10 5.4-6.1 3.1

11 37 5.5 +0.07 5.1-6.1 3.6
Length of anterior palatal foramen

v 9  5.6=0.13 53-59 3.4 |

111 12 49+ 0.19 44-54 6.7

II 37 4.6 = 0.11 4.2-59 7.1
Length of posterior palatal foramen

v 7 0.5 £ 0.10 0.3-0.7 262

III 11 0.5 = 0.07 03-0.7 231 ns

11 32 0.5 £ 0.04 0.3-0.7 243
Length of diastema

v 9  72+024 6880 5.0 |

11 13 63:030 56-74 87 |

11 40 6.0=010 5266 54 |
Height of skull

v 4 96015 9598 1.6 |

111 9  9.0+0.23 8697 39 |

11 26 87+0.10 83-9.i 3.0 |
Length of mandibular toothrow

v 10 3.6 £0.18 3.1-4.1 8.1

11 13 3.5+ 0.08 3.2-3.7 43 ns

II 43 3.5+ 005 3.2-39 4.9

Steatomys cuppedius

Total length

v 6 132.7 = 7.04 120-143 6.5 |

11 16 118.1 = 3.66 105-133 6.2 |

1 33 108.8 +2.85 94-129 7.5 |
Length of tail

v 6 48.7 =229 46-54 5.8 |

11 16 43.6 = 1.94 37-52 8.9

11 32 426 = 1.14  37-50 7.5
Length of hindfoot

v 6 16.0 =0.52 15-17 4.0

111 16 16.0 = 0.32 15-17 4.0 ns

11 33 158 = 0.19 14-17 3.5
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Table 3.—Continued. Table 3.—Continued.
Measurements SS- Measurements SS-
and age classes N Mean + 2 SE  Range CV STP and age classes N Mean = 2 SE  Range CvV STP
Length of ear Length of posterior palatal foramen
v 6 137042 13-14 3.8 v 6 0.4+0.08 03-05 204
111 16 13.2+038 12-14 5.7 11 I5 042004 03-0.5 203 ns
11 33 126 +0.19  12-14 43 | 11 31 0.4 %003 03-0.6 185
Weight Length of diastema
v 6 162275 1322 209 | v 6 532035 4859 80 |
11 16 12.7+1.29 817 203 | 1 16 50+009 4652 38 |
1l 33 2+074 5-14 230 | 11 33 45+0.08 4.1-5.0 54 |
Greatest length of skull Height of skull
v 5 22.4+0.88 21.3-23.9 4.4 | v 6 82=0.18 8.0-85 27 |
111 16 207 £ 031 19.6-21.6 3.0 | 1l 14 7.8=+0.12 7.5-82 29 |
1 28 19.5+0.29 17.5-21.4 39 | 11 24 76008 72-79 27 |
Condylobasal length Length of mandibular toothrow
v 6 21.0+0.76 20.1-22.5 4.5 | v 6 3.4=0.12 3.2-3.6 4.5 |
111 16 19.5 =031 18.1-20.6 3.2 | 111 16 31007 27-3.3 47
| 29 183 + 0.28 16.4-20.0 4.1 | I 3 3.1x005 27-34 49
Zygomatic breadth
v 6 11.8+0.38 11.2-124 4.0 |
111 16 11.2x0.19 105-11.8 3.4 | . .
0 32 108+ 0.12 10.2-11.5 3.1 | populations of §. caurinus tested were from Yama,
Interorbital breadth Ivo.ry Coast, with sufﬁc_ie.nf individuals of cate-
v 6 3.9+0.16 3.6-4.1 50 | gorlgs II., II.I, and IV; Pirisi, Ghana (Il and III);
1l 16 3.7+ 007 3.4-4.0 4.0 Gudi, Nigeria (II and III); and Cella, Upper Volta
11 33 3.6 +0.05 3339 36 (IT and III). For each of the 19 external and cranial
Rostral breadth measurements, samples of combined sexes were
v 6 42+024 3947 69 | tested to determine if the differences between the
1 16 3.9x009 3.6-43 48 | means of the age categories were significantly dif-
1 33374007 3341 53| ferent (P =< 0.05). If found to be significantly dif-
Obligue length of bulla ferent, the Sum of Squares Simultaneous Test Pro-
v 5 4.8+0.23 44-50 5.3 cedure was used to find maximally nonsignificant
11 14 47+0.06 45-48 23 subsets. The results of these tests in S. cuppedius
. B 45£009 4049 47 | from Panisau, Nigeria (age I, 111, IV), and S. caur-
Greatest length of bulla inus from Yama, Ivory Coast (age II, I1I, 1V), are
v 5 7.4 +0.19 7.1-7.7 2.9 | presented (Tab]e 3)
:;I :i Z; f g:f gij;‘ :'g | | Steatomys caurinus.—In the population from
- s e ' Yama, Ivory Coast, nonoverlapping subsets among
Ll e sl Gonlinesy age categories II, I11, and IV were found in six (total
IV 6 38=x012 36-40 3.9 length, weight, condylobasal length, rostral breadth,
i 16 372009 3440 4T ms o giastemal length, and height of skull) of 19 mea-
1 32 36006 33-40 49 2
surements; no greatest length of skull measure-
Breadth across upper molars . . .
7 89 @lD SLeT A ments are available for.ag‘e cat'egory v in th1§ sam-
1 6 51+010 46-54 3.8 l ple. L.lttle Or no variation in age exists in the
1 3 49+007 44-56 43 | following measurements: length of hindfoot; inter-
el o etarier el Bien orl?ital breadth; lengths of m.ax111ary toothrow; pos-
v 6 42 +0.18 4.0-46 53 terior palatal foramen; mandibular toothro'w. A sim-
11 16  4.0+0.14 3.4-4.4 69 } ilar trend was found in the other populations of S.
11 32 37=x0.08 3.0-42 65 | caurinus tested but is not presented in tabular form.
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Steatomys cuppedius.—Three nonoverlapping
subsets among age categories I1, 111, and IV in nine
(total length, weight, greatest length of skull, con-
dylobasal length, zygomatic breadth, rostral breadth,
greatest length of bulla, length of diastema, and
height of skull) of 19 measurements were found in
the population from Panisau, Nigeria (Table 3).
Three characters (lengths of hindfoot, maxillary
toothrow, and anterior palatal foramen) showed no
significant differences among the different age cat-
egories tested. In comparing measurements from
the different age categories (I, 11, and III) in the
population from Senegal, a similar trend emerges,
although it is not presented in tabular form.

Conclusions.—From these results, it is apparent
that none of the age categories can be pooled in
either species for a study of geographic variation.
It would be ideal if age IV (adult) specimens could
be used for a study of geographic variation in these
species. However, due to a lack of sufficient sam-
ples of age 1V specimens, only specimens belonging
to age category 111 were used.

Individual Variation

The majority of measurements examined re-
vealed a relatively low degree of individual varia-
tion as expressed by the coefficient of variation.
External measurements were generally more vari-
able than the cranial measurements (Tables 1, 2, 3).
This was, however, not as pronounced in Steato-
mys cuppedius as in Steatomys caurinus. Of exter-
nal measurements, weight showed the most varia-
tion, with coefficients of variation above 20. Cranial
measurements in both species usually had coeffi-
cients of variation of less than 5, except in length
of posterior palatal foramen where these values
usually were above 15.

Conclusions.—Due to the tendency of the exter-
nal measurements, especially weight, to show rel-
atively higher individual variation expressed as
coefficients of variation than did the cranial mea-
surements, all external measurements were exclud-
ed from the multivariate analyses of geographic
variation. Of the cranial measurements, length of
posterior palatal foramen was excluded from this
analysis due to its high level of individual variation.

RELATIONSHIPS OF SPECIES

All individuals from West Africa of age category
111, and a few specimens that were borderline be-
tween category Il and IV in age, were grouped into
13 geographic samples. These geographic samples
(OTUs) are as follows (see also Fig. 2): 1) Kouande,
Benin; 2) Bangwon, Ghana; 3) Pirisi, Ghana; 4)
Gudi, Nigeria; 5) Dio and Barga, Upper Volta; 6)
Cella and Nayoure, Upper Volta; 7) Fo, Upper Vol-
ta; 8) Wenchi, Ghana; 9) Tyenko, Ivory Coast; 10)
Diali, Ivory Coast; 11) Sienso and Yama, Ivory
Coast; 12) Diourbel, Kaffrine, Kaolack and Kough-
eul, Senegal; and 13) Panisau, Nigeria.

Steatomys caurinus was described by Thomas
(1912) as being generally brownish fawn, but with
a darker mid-dorsal area and more distinct color
along the sides of the belly. Rosevear (1969) sum-
marized the color of §. caurinus as being ‘*medium
warm reddish brown’ (the tips of the hair were
warm brown and the bases were dark gray). Ac-
cording to the description by Hayman (1936), the
dorsal pelage of S. jacksoni is plumbeous drab in
color, with the flanks slightly paler, whereas Ro-
sevear (1969) describes this species as being dark
brownish-gray in color of pelage. A large number

of the specimens examined in the present study
have skins soiled by residual fats and oils, making
an accurate definition of an already variable char-
acter, color of pelage, difficult. The dorsal pelage
color of S. cuppedius was described originally by
Thomas and Hinton (1920) as being pale drab with
pale sides, and more recently by Rosevear (1969)
as being pale, slightly sandy gray. Specimens of this
species generally did not have soiled skins such as
was found for S. caurinus.

Hayman (1936) stated in the original description
of S. jacksoni that the braincase of the holotype
was not sharply truncated as in other species of the
genus he had examined, and that the interparietal
was lengthened from front to back and noticeably
widened anteroposteriorly in the middle part. We
have found in the present study that the older ani-
mals, such as age category IV individuals, exhibit
relatively less truncated skulls than do the younger
animals. Hayman (1936) gave a length of 4.5 mm
for the interparietal of S. jacksoni as compared to
2.5mminS. caurinus. The length of the interparietal
bone of all specimens examined in the present
study, with the exception of the holotype of S. jack-
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Table 4.—Geographic variation in external and cranial mea-

surements of age category Il individuals among 10 geographic

samples (OTUs) of Steatomys caurinus and two geographic

samples of S. cuppedius. Results of ANOVA analysis indicating

significance at the 5% level for S. cuppedius are indicated by

an asterisk next to the character heading. See Fig. 2 and text
for key to localities included in each OTU.

Sam-
ple N Mean = 2 SE Range CV
Steatomys caurinus
Total length
1 1 167.0
2 2 129.0 121-137
3 21 158.0 + 3.52 137-169 5.1
4 36 159.2 = 3.93 126-178 7.4
5 2 142.5 142-143
6 18 161.2 = 5.82 136-178 7.7
7 1 154.0
9 S 164.4 = 9.11 149-173 6.2
16 3 168.7 = 27.1 142-186 13.9
11 15 148.6 = 6.48 134-169 8.4
Length of tail
1 1 48.0
2 2 37.0 35-39
3 21 42.5 = 2.26 36-59 12.2
4 36 45.9 = 0.21 37-52 7.9
5 2 40.0 38-42
6 18 45.8 = 2.09 40-53 9.7
7 1 51.0
9 5 55.4 3.2 50-59 6.5
10 3 59.0 £ 12.5 47-68 18.3
11 15 46.6 = 3.33 38-60 13.8
Length of hindfoot
1 1 18.0
2 2 17.5 17-18
3 21 19.7 = 0.29 18-21 3.3
4 36 19.7 £ (.21 18-21 3.2
5 2 19.0 19
6 18 18.8 = 0.50 17-21 5.6
7 1 18.0
9 5 19.0 = 1.10 17-20 6.4
10 3 19.0 = 1.15 18-20 5.3
11 15 18.7 + 0.46 18-20 4.7
Length of ear
1 1 16.0
2 2 15.5 15-16
3 21 17.2 £ 0.36 16-18 4.7
4 36 17.6 = 0.36 15-20 6.1
S 2 15.0 15
6 18 17.1 = 0.57 14-19 7.1
7 1 18.0
9 5 17.4 = 0.49 17-18 34
10 3 i8.0 £ 2.0 16-19 9.6
11 15 17.7 = 0.54 16-20 5.9
Weight
1 1 28.0
2 2 315 26-37
3 21 54.0 + 4.26 34-68 18.1

Table 4.—Continued.

Mean = 2 SE Range CvV
4 48.2 + 3.56 25-68 21.9
5 30.5 30-31
6 48.4 + 5.35 23-70 23.4
7 17.0
9 39.6 + 7.71 32-53 21.8
10 51.3 £24.0 29-70 40.4
11 31.7 + 5.59 22-54 34.2
Greatest length of skull
1 1 —
2 2 —
3 17 26.4 + 0.39 24.9-27.8 3.1
4 32 26.6 = .38 24.2-28.4 4.0
5 1 23.7
6 9 26.6 = 0.72 24.3-28.0 4.1
7 1 25.5
9 2 27.6 = 1.00 27.1-28.1 2.6
10 3 —
11 5 25.2 = 1.03 24.1-26.5 4.6
Condylobasal length
1 _
) _
3 25.3 + 0.41 23.4-26.6 3.3
4 25.3 + 0.37 23.1-27.0 3.7
N 23.0 22.6-23.4
6 25.3 + 0.87 22.8-27.0 5.5
7 1 24.2
9 5 25.6 = 1.05 23.8-27.0 4.6
10 3 25.7 = 2.60 23.2-27.5 8.8
11 11 23.9 + 0.68 22.5-25.8 4.7
Zygomatic breadth
1 1 —
2 2 —
3 16 13.0 = 0.19 12.2-13.6 3.0
4 22 13.1 = 0.23 12.2-13.8 4.1
5 1 12.0
6 12 12.8 = 0.31 12.0-13.6 4.2
7 1 12.4
9 5 13.1 = 0.61 12.1-13.8 5.2
10 3 13.5 = 0.98 12.5-14.1 6.3
il 9 12.3 = 0.51 11.3-13.5 6.2
Interorbital breadth
1 —
2 3.5
3 3.9 + 0.08 3.6-4.2 4.7
4 3.9 = 0.06 3.5-4.3 4.1
S 3.9 3.9
6 3.9 = 0.06 3.7-4.1 3.1
7 3.9
9 4.2 = 0.19 3.8-4.3 5.0
10 4.0 = 0.29 3.8-4.3 6.2
11 3.9 = 0.09 3.6-4.3 4.4
Rostral breadth
1 _
2 4.1 4.0-4.2
1 4.8 +0.12 4.4-5.3 5.5
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Table 4.—Continued. Table 4.—Continued.
ple N Mean = 2 SE Range Cv Mean + 2 SE Range CV
4 35 4.7 = 0.11 3.9-5.3 6.9 4 4.8 + 0.08 4.4-5.2 4.6
S 2 4.4 4.0-4.7 5 43 4.3
6 17 4.9 + 0.13 4.5-5.4 5.5 6 5.1 +0.21 4.5-5.5 7.4
7 1 4.6 7 5.0
9 S 4.8 +0.24 4.4-5.1 5.6 9 5.3 +0.42 4.6-5.9 8.9
10 3 4.9 = 0.58 4.4-5.4 10.3 10 5.2+ 0.70 4.6-5.8 11.6
11 15 4.5 +0.12 4.1-4.9 5.1 11 4.9 + 0.17 4.4-5.4 6.5
Oblique length of bulla Length of posterior palatal foramen
1 1 — 1 —
2 1 5.2 2 0.5 0.4-0.5
3 17 5.9 +0.10 5.5-6.3 3.5 3 0.5 = 0.08 0.3-1.0 33.0
4 31 5.8 +0.09 5.2-6.5 4.3 4 0.5 + 0.04 0.3-0.7 24.2
) 2 6.0 5.5-6.5 S 0.5 0.5
6 10 5.9 +0.19 5.6-6.5 5.0 6 0.6 = 0.06 0.4-0.8 17.4
7 1 5.7 7 0.4
9 5 5.7 +0.24 5.4-6.0 4.8 9 0.5 = 0.07 0.4-0.6 16.1
10 3 6.0 = 0.18 5.8-6.1 2.5 10 0.6 + 0.31 0.4-0.9 44.1
11 12 5.4 =0.15 4.9-5.9 4.7 11 0.5 = 0.07 0.3-0.7 23.4
Greatest length of bulla Length of diastema
1 — 1 1 —
2 8.0 2 2 6.2 6.0-6.4
3 8.8 = 0.15 8.4-9.2 3.3 3 21 7.2 = 0.15 6.5-7.8 4.6
4 9.0 = 0.13 8.0-9.7 3.8 4 36 7.0 = 0.14 6.0-7.6 5.9
S 8.2 8.0-8.3 S 2 6.6 6.3-6.8
6 8.7 = 0.21 8.2-9.3 3.6 6 17 7.0 +0.21 6.3-7.7 6.2
7 8.5 7 1 6.8
9 9.0 = 0.55 8.1-9.6 6.8 9 ) 6.9 = 0.34 6.7-7.6 5.5
10 9.0 = 0.80 8.8-9.4 3.8 10 3 7.2 = 1.00 6.3-8.0 12.0
11 8.6 = 0.28 8.0-9.6 5.1 11 15 6.3 + 0.28 5.8-7.4 5.6
Length of maxillary toothrow Height of skull
1 1 - 1 1 —
2 2 3.9 3.9 2 2 —
3 21 4.1 + 0.08 3.7-4.4 4.6 3 14 9.2 = 0.19 8.4-9.7 3.8
4 6 4.2 = 0.05 3.8-4.5 3.8 4 32 9.2 + 0.17 7.7-10.1 5.2
S 2 4.0 3.84.1 S 2 9.2 8.7-9.6
6 17 4.3 +0.10 39-4.6 4.9 6 11 9.3 +0.24 8.5-10.0 4.3
7 1 3.8 7 1 9.1
9 S 4.2 +0.12 4.1-4.4 3.1 9 S 9.6 = 0.41 8.9-10.0 4.7
10 3 4.1 = 0.29 3.84.3 6.1 10 3 9.9 = 0.77 9.2-10.5 6.7
11 15 4.1 + 0.08 3.8-4.4 4.0 11 1 9.0 + 0.20 8.6-9.2 3.8
Breadth across upper molars Length of mandibular toothrow
1 1 — 1 —
2 2 5.5 5.4-5.5 2 33 33
3 1 5.9 +0.10 5.6-6.4 3.7 3 3.5+ 0.10 3.1-3.9 6.2
4 6.0 = 0.10 5.0-6.5 4.8 4 3.5 = 0.06 3.1-3.9 5.4
5 5.8 5.7-5.8 S 3.2 3.2
6 5.9 +0.17 5.1-6.4 5.9 6 3.5 +0.07 3.3-3.8 4.2
7 6.0 7 3.2
9 6.0 = 0.19 5.7-6.2 3.6 9 3.5 +0.12 3.3-3.6 3.9
10 6.0 = 0.42 5.7-6.4 6.0 10 3.5 £ 0.29 3.2-3.7 7.2
11 5.7 £0.13 5.4-6.3 4.2 11 3.5 £0.08 3.2-3.7 4.2
Length of anterior palatal foramen Steatomys cuppedius
1 1 —_ Total length*
2 2 4.3 4.0-4.5 125.6 + 2.58 122-130 2.3
3 21 S.1 = 0.11 4.7-5.6 4.9 118.1 = 3.66 105-133 6.2
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Table 4.—Continued. Table 4.—Continued.
Sam- Sam-
ple N Mean = 2 SE Range CVv ple N Mean + 2 SE Range CcV
Length of tail Height of skull
12 5 44.8 = 1.60 43-47 4.0 ! 4 8.1+ 0.47 7.4-8.4 5.9
13 16 43.6 + 1.94 37-52 8.9 1 E 743 &£ (112 7.5-8.2 =
Length of hindfoot Length of mandibular toothrow
12 5 15.8 + 0.40 15-16 2.8 12 4 3.2+0.15 3.1-3.4 4.7
13 16 16.0 + 0.32 15-17 4.0 13 16 3.1 + 0.07 2.7-3.3 4.7
Length of ear
12 5 12.8 + 0.40 12-13 3.5
13 16 13.2 + 0.38 12-14 5.7 soni, measured less than 4 mm. The interparietal
Weight* bones varied in shape from nearly triangular to
12 5 16.8 + 531 7-23 35.3 quadrangular. This variation in shape occurred
13 16 12.7 = 1.29 8-17 20.3 among specimens within the same age category.
Greatest length of skull* In his original description, Hayman (1936) con-
12 2 22.0 + 0.40 21.8-22.2 13 cluded that S. jacksoni was not bigger than S. caur-
13 16 20.7 = 0.31 19.6-21.6 3.0 inus, but he compared only the external measure-
Condylobasal length ments of the two taxa. Thus the single most
12 3 20.2 + 0.35 19.9-20.5 1.5 important character used by Hayman (1936) in de-
13 i6 19.5 + 0.31 18.1-20.6 3.2 scribing S. jacksoni was the size and shape of the
Zygomatic breadth interparietal bone. When the holotype was exam-
12 2 11.6 = 0.30 11.4-11.7 1.8 ined, the interparietal bone did measure 4 mm in
13 16 11.2 = 0.19 10.5-11.8 3.4 length and was clearly longer than any of the other
Interorbital breadth specimens of Steatomys examined. Based on this
12 5 3.6 + 0.07 3.5.3.7 23 diagnostic character, none of the specimens we ex-
13 16 3.7 = 0.07 3.4-4.0 4.0 amined could be assigned to S. jacksoni.
Rostral breadth Univariate analysis.—Results of standard uni-
12 5 4.1 + 0.14 3.9.43 3.9 variate statistical analysis for individuals of Stea-
13 16 3.9 = 0.09 3.6-4.3 4.8 tomys from the 13 geographic samples are given in
Oblique length of bulla* Tables 4 and 5. In age category 11l specimens (Table
12 3 5.0+ 0.12 5.0-5.2 2.0 4), there is no overlap in the range of measurements
13 14 4.7 = 0.06 4.5-4.8 23 between geographic samples 12 and 13 (S. cuppe-
Greatest length of bulla dius) and those of the remainder of the West Afri-
12 2 7.5+ 0.10 7.4-75 0.9 can geographic samples in four of the 19 characters
13 13 7.1 = 0.15 6.4-7.4 4.0 analyzed (greatest length of skull, condylobasal
Length of maxillary toothrow length, greatest length of bulla, and length of dia-
12 5 3.6 + 0.16 31.4-3.9 5.0 stema). Comparison of these same analyses for age
13 16 3.7 = 0.09 3.4-4.0 4.7 category IV individuals (Table 5) reveals that 12 of
Breadth across upper molars 19 characters (total length, length of ear, weight,
12 4 5.1 = 0.08 5.0-5.2 1.6 greatest length of skull, condylobasal length, zy-
13 16 5.1 =0.10 4.6-5.4 3.8 gomatic breadth, rostral breadth, oblique length of
Length of anterior palatal foramen bulla, greatest length of bulla, width across upper
12 3 42 + 0.07 4.1-4.2 1.4 molars, length of anterior palatal foramen, length of
13 16 4.0 + 0.14 3.4-4.4 6.9 diastema, and height of skull) show no overlap be-
Length of posterior palatal foramen tween geographic samples 12 and 13 and the re-
12 4 0.4 + 0.08 0.3-0.5 20.4 maining geographic samples analyzed. Steatomys
13 15 0.4 + 0.04 0.3-0.5 20.3 cuppedius is readily distinguishable from other
Length of diastema West African fat mice in being markedly smaller in
12 4 5.0+ 0.13 4.9.5.2 2.5 size, both externally and cranially, and much paler
13 16 5.0 = 0.09 4.6-5.2 3.8 in color of pelage.
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Table 5.—Geographic variation in external and cranial mea-

surements of age category 1V individuals among six geographic

samples (OTUs) of Steatomys caurinus and two geographic

samples of S. cuppedius. See Fig. 2 and text for key to localities
included in each OTU.

Sam-
ple N Mean = 2 SE Range Ccv
Steatomys caurinus
Total length
3 1 155
4 2 166 162-170
6 1 179
9 1 188
10 1 199
11 10 166.8 + 8.0 155-200 7.5
Length of tail
3 1 41
4 2 43 41-45
6 1 47
9 1 65
10 1 -
11 10 52.7 + 3.9 45-64 11.8
Length of hindfoot
3 1 18.0
4 2 19.5 19-20
6 1 18.0
9 1 20
10 1 21
11 10 19.0 = 0.73 17-21 6.1
Length of ear
3 1 17.0
4 2 17.5 17-18
6 1 18.0
9 1 18.0
10 1 18.0
11 10 18.1 = 0.55 17-20 4.8
Weight
3 1 56.0
4 2 55.5 54-57
6 1 70.0
9 1 69.0
10 1 69.0
11 10 41.8 + 4.66 35-58 17.6
Greatest length of skull
3 | 27.2
4 1 29.3
6 0
9 1 28.5
10 0
11 0
Condylobasal length
3 | 25.6
4 1 28.0
6 1 27.2
9 | 27.1
10 1 28.3
11 5 25.8 = 0.79 24.6-26.7 34

NO.

Table 5S.—Continued.

Sam-

ple N Mean + 2 SE Range Ccv

Zygomatic breadth

3 1 13.1

4 1 15.1

6 1 13.9

9 1 14.2

10 1 14.5

11 4 13.2 = 0.24 12.9-13.4 1.8

Interorbital breadth

3 1 4.2

4 2 4.1 3.9-4.2

6 1 4.1

9 1 4.0

10 1 4.2

11 9 4.1 = 0.07 3.9-4.2 2.5

Rostral breadth

3 1 4.8

4 2 5.5 5.3-5.6

6 1 5.5

9 1 5.3

10 1 5.4

11 9 5.1 x£0.15 4.9-5.5 4.3

Oblique length of bulla

3 1 5.8

4 1 5.9

6 0

9 1 6.2

10 1 6.1

11 7 5.8 +0.33 8.6-9.5 4.5

Greatest length of bulla

3 1 9.0

4 1 9.0

6 0

9 1 9.4

10 1 9.9

11 6 9.0 + 0.33 8.6-9.5 4.5

Length of maxillary toothrow

3 1 3.9

4 2 4.5 4.4-4.5

6 1 4.4

9 1 4.3

10 1 3.9

11 10 4.1 +0.14 3.7-4.4 5.5

Breadth across upper molars

3 1 6.0

4 2 6.4 5.9-6.8

6 1 6.2

9 1 6.4
10 1 6.1
11 8 6.1 + 0.16 5.8-6.5 3.8

Length of anterior of anterior palatal foramen

3 1 5.2
4 1 5.1
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Table 5.—Continued.

Table 5.—Continued.

Sam- Sam-
ple N Mean + 2 SE Range cv ple N Mean + 2 SE Range CvV
6 1 5.6 Condylobasal length
9 1 5.2 12 2 20.3 19.9-20.7
10 I 6.0 6 21.0 = 0.76 20.1-22.5 4.5
11 9 5.6 =0.13 5.3-5.9 3.4 e Bl
Length of posterior palatal foramen 12 2 1.1 10.8-11.3
3 1 0.7 13 6 11.8 = 0.38 11.2-12.4 4.0
4 2 0.5 0.5 .
6 | 0.6 . . Interorbital breadth
9 1 0.6 12 & 3.7 3.7
10 1 0.5 13 6 3.9 £ 0.16 3.6-4.1 5.0
11 7 0.5 +0.10 0.3-0.7 26.2 Rostral breadth
Length of diastema 12 1 4.1
3 1 73 g 6 4.2 +0.24 3.9-4.7 6.9
4 2 7.5 6.9-8.0 Oblique length of bulla
6 1 7.1 12 2 4.7 4.5-4.9
9 ! 7.4 13 5 48+ 0.23 4.4-5.0 5.3
10 1 8.6
11 9 79 4 0.24 6.8-8.0 5.0 Greatest length of bulla
o 12 2 7.3 6.9-7.6
Leeapgee 13 5 7.4+ 0.19 7, (=97 2.9
3 i 9.3 _
4 1 10.6 Length of maxillary toothrow
6 1 10.1 12 2 3.7 3.6-3.8
9 | 10.5 13 6 3.8+ 0.12 3.6-4.0 3.9
10 ! 10.1 Breadth across upper molars
11 4 9.6 £ 0.15 9.5-9.8 1.6 12 > 5.0 5.0
Length of mandibular toothrow 13 6 5.3 +0.19 5.1-5.7 4.4
3 (; Length of anterior palatal foramen
2 i ;;’ 3.5-3.6 12 2 3.8 3.5-4.1
’ 2+ 0. .04, S.
9 : 37 3 6 4.2 £ 0.18 4.0-4.6 3
10 0 Length of posterior palatal foramen
i1 10 3.6 =0.18 3.1-4.1 8.1 12 2 0.5 0.4-0.5
. 4 0.4 = 0.08 0.3-0.5 20.4
Steatomys cuppedius
Total length Length of diastema
2 125.0 124-125 12 2 4.9 Sat=dl
13 6 132.7 + 7.04 120-143 6.5 6 33 +£0.35 4.8-5.9 8.0
Length of tail Height of skull
2 44.0 44 2 7.6 7.5_7.6
6 487 + 2.29 4654 5.8 13 6 8.2 = 0.18 8.0-8.5 2.7
Length of hindfoot Length of mandibular toothrow
) 15.0 s 12 2 3.1 3.0-3.2
Length of ear
12 2 13.0 13 The holotype of §. jacksoni is an individual that
13 6 13.7 £ 0.42 13-14 3.8 is a very old age category lII or a young age cate-
Weight gory IV animal (Table 5, Sample 8). However, even
12 1 19.0 if placed as an age category III individual, it still
13 6 16.2 = 2.75 13-22 20.9 falls within the normal variation of cranial mea-
Greatest length of skull surements of S. caurinus. Zygomatic breadth of the
12 ) 217 21.1-22.3 holotype appears to be relatively narrow even for
5 20.4 = 0.88 21.3-23.9 4.5 an age II1 specimen.
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Fig. 3.—Distance phenogram of OTUs (see Fig. 2 and text for key to localities included in each OTU) of West African taxa of Steatomys
computed from distance matrix based on standardized characters and clustered by unweighted pair-group method using arithmetic
averages (UPGMA). OTUs consist of geographic samples of combined sexes. The cophenetic correlation for the phenogram is 0.94.

Mudtivariate analysis.—Twelve cranial measure-
ments of 10 geographic samples of age category 111
specimens of combined sexes were analyzed using
the NT-SYS routines. Length of posterior palatal
foramen and greatest length of skull were excluded
from this analysis. Inclusion of greatest length of
skull would have caused reduced geographic sam-
ples (such as deletion of sample 10) and sample
sizes because of missing data.

A distance phenogram diagramming the relation-
ship among 10 geographic samples (OTUs) of Stea-
tomys is shown in Fig. 3. The cophenetic correla-
tion coefficient for the phenogram is 0.946. The
geographic samples fall into two major clusters. The
upper group (OTUs 3, 4, 6,9, 10, 5, 7, 11) repre-
sents medium- to large-sized individuals presently
assigned to S. caurinus. The lower group represents
small individuals from localities in Senegal (OTU
12) and Panisau, Nigeria (OTU 13) and corresponds
to the presently recognized S. cuppediis.

The first three principal components computed
from the matrix of correlation among 12 cranial
characters for the same 10 geographic samples
(OTUs) are shown in Fig. 4. The proportion of the
total phenetic variation accounted for in the first
three components is 95.3%. The amounts of vari-
ance assigned to each component are 86.9% for
component I, 5.2% for component II, and 3.2% for
component III. A factor matrix of character load-
ings among the 12 cranial characters of the principal
component analysis is given in Table 6. From the
factor analysis it can be seen that the first principal
component is heavily influenced by general overall

cranial size. The second component is influenced
most by length of mandibular toothrow, and the
third by interorbital breadth. Examination of the
three-dimensional plot (Fig. 4) reveals an expres-
sion of phenetic variation similar to that shown in
the distance phenogram (Fig. 3); overall cranial size
is expressed as progressively larger from left to
right. OTUs 12 (Senegal) and 13 (Panisau, Nigeria)
cluster on the left, and all other samples cluster in
a fairly loose group on the right. Subgroupings with-
in the right cluster of OTUs correspond with those
found in the distance phenogram. These subgroup-
ings will be discussed in detail in the systematic
accounts that follow.

Taxonomic Conclusions

We interpret the univariate and multivariate anal-
yses to indicate that in West Africa the genus Stea-
tomys is represented by three species. Geographi-
cally, they are distributed as follows: Steatomys
caurinus 1s known from Senegal, Ivory Coast, Up-
per Volta, Ghana (excluding Wenchi), Togo, Benin,
and central Nigeria; S. cuppedius from Senegal,
northern Nigeria, and south central Niger; and S.
Jjacksoni from Wenchi, Ashanti District, Ghana.
The latter species is known only from the holotype.
Steatomys cuppedius is clearly the smallest of the
three. S. jacksoni and S. caurinuys are similar in
size; the only appreciable difference between them
is the size of the interparietal bone, with §. jacksoni
having a significantly larger one. Little variation in
size and shape of this bone is present in all of the
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Fig. 4. —Three-dimensional projection of 10 OTUs of West African taxa of Steatomys on to the first three principal components based
upon a matrix of correlation among 12 cranial measurements. OTUs consist of geographic samples of combined sexes. See Fig. 2 and
text for key to localities included in each OTU. Component [ accounts for 86.9% of the phenetic variation, component 11 for 5.2%. and
component I1I for 3.2% for a combined expression of 95.3% of the total variation.

other material examined of the genus from West
Africa. The possibility that the holotype of S. jack-
soni might be an aberrant individual is recognized,
but until additional specimens from the vicinity of
the type locality of S. jacksoni are available for
study, we prefer to retain this taxon as a valid spe-
cies.

Hubert et al. (1973) reported S. caurinus from
Senegal but presented no measurements. The genus

Steatomys, with no species given, has also been
reported from owl pellets collected from Senegal
(Heim de Balsac, 1965, 1967), but once again no
measurements were given. The material upon
which these reports were based has not been ex-
amined by us. We did not have available any S.
caurinus from Senegal and feel this record should
be reexamined to see if the material might be S.
cuppedius.

SYSTEMATIC ACCOUNTS

Within the following accounts, species and sub-
species, if appropriate, are listed in alphabetical or-
der.

Steatomys caurinus Thomas, 1912

Geographic distribution of species.—Central Ni-
geria, southern Niger, northern Benin, Togo, west-
ern Ghana, Upper Volta, central to northern Ivory
Coast, and Senegal (Fig. 2); most certainly more
widespread and occurring in intervening areas.

Diagnosis.—Large, both externally and cranial-
ly, for genus in West Africa; pelage dark and indi-
vidual hairs coarse; relatively small molars; inter-
parietal bone short in length, usually less than 3.5
mm.

Comparisons.—Steatomys caurinus can be dis-
tinguished from S. cuppedius by a number of char-

acters. Comparisons of greatest length of skull, con-
dylobasal length, greatest length of bulla, and length
of diastema show no overlap in measurements of
age category IIl specimens between these two spe-
cies. These same four characters, and an additional
eight measurements, indicate no overlap between
age category IV specimens of the two species.
These eight are total length, length of ear, weight,
zygomatic breadth, rostral breadth, oblique length
of bulla, width across upper molars, length of an-
terior palatal foramen, and height of skull.

Externally, S. caurinus can be separated from S.
cuppedius by dark color of pelage and coarse tex-
ture of the hairs as opposed to the pale color of
pelage and silky texture of the hairs in the latter
species.

From S. jacksoni, S. caurinus differs little in ex-
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Table 6.—Factor matrix of character loading of the first three principal components among 12 characters of West African taxa of
Steatomys (left) and of Steatomys caurinus (right).

Steatomys (three species)

Steatomys caurinus

Component Component  Component Component Component  Component
Character I II 11 I 11 111
Condylobasal length 0.996 0.007 —0.021 0.983 —0.076 0.036
Zygomatic breadth 0.958 0.089 —0.053 0.972 0.044 0.032
Interorbital breadth 0.849 -0.027 0.496 0.547 -0.133 -0.619
Rostral breadth 0.980 0.020 —0.089 0.941 0.046 0.146
Oblique length of bulla 0.874 —0.389 -0.244 0.283 0.810 0.424
Greatest length of bulla 0.985 0.043 -0.014 0.921 —0.236 —0.058
Length of maxillary toothrow 0.879 0.248 —0.092 0.568 —0.463 0.511
Breadth across upper molars 0.952 -0.242 0.051 0.692 0.497 -0.315
Length of anterior palatal foramen 0.921 0.154 0.157 0.804 —0.254 —0.315
Length of diastema 0.969 —0.191 —0.093 0.808 0.486 0.233
Height of skull 0.961 —0.169 0.063 0.752 0.289 —0.197
Length of mandibular toothrow 0.845 0.503 —-0.139 0.719 —0.608 0.301

ternal or cranial dimensions nor, as far as we can
tell, in color of pelage. The single character for dis-
tinguishing these two species is the longer length of
interparnietal bone in S. jacksoni than in S. caurinus;
a length of 4.5 mm in the former versus less than
3.5 mm, in fact except for a few individuals, less
than 3.0 mm in the latter.

Geographic Variation

Univariate analysis.—In examining geographic
variation in 8. caurinus, five external and 14 cranial
measurements of age category III individuals were
examined and the following results were found (Ta-
ble 4). The specimens of the combined geographic
sample from Yama and Sienso (OTU 11) of north-
western Ivory Coast are clearly smaller than are
those of all of the other geographic samples tested
in nine of the 19 characters examined. These nine
characters are total length, greatest length of skull,
condylobasal length, zygomatic breadth, rostral
breadth, oblique length of bulla, width across upper
molars, length of diastema, and height of skull.

The geographic sample from Tyenko (OTU 9),
which is less than 100 mi south of OTU 11, and that
from Diali (OTU 10), which is from still farther
south and east in Ivory Coast than OTU 9, are both
clearly larger than are the remaining geographic
samples of S. caurinus examined in total length,
length of tail, greatest length of skull, condylobasal
length, length of anterior palatal foramen, and
height of skull. OTUs 9 and 10 are even more strik-
ingly large when compared with OTU 11, the geo-
graphic sample exhibiting the smallest dimensions

for the species. Three specimens were available for
study from Diali (OTU 10); two of these specimens
were large for the species. Diali and also the type
locality of S. jacksoni (Wenchi, Ghana) are situated
on the interface of the High forest and Invasive
woodland in West Africa. The holotype of S. jack-
soni and the two large specimens from Diali are
comparable in size, except for length of interparietal.

There is no indication of a trend in variation in
hindfoot length although OTU 3 (Pirisi, Ghana) and
OTU 4 (Gudi, Nigeria) tend to have relatively long
hindfeet when compared to the other geographic
samples. The same discordant pattern is apparent
in the variation in the length of the ear, although
there is no clear grouping of geographic areas into
different size groups, OTU 11 displayed relatively
long ears. In both instances, this discordance could
be an artifact of different techniques used by prep-
arators of skins. The cranial characters of interor-
bital breadth, length of maxillary toothrow, length
of posterior palatal foramen, and length of mandib-
ular toothrow show little geographic variation.

Considering the vast distances involved (about
1200 km), the geographic samples from OTU 3 in
Ghana, OTU 6 in Upper Volta, and OTU 4 in Ni-
geria show little geographic variation in the char-
acters tested.

Multivariate analysis.—Twelve cranial measure-
ments of eight geographic samples of age category
II1 specimens of combined sexes were analyzed us-
ing the NT-SYS routines. Again the length of pos-
terior palatal foramen and greatest length of skull
were excluded from the analysis. A distance phe-
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Fig. 5.—Distance phenogram of OTUs (see Fig. 2 and text for key to localities included in each OTU) of Steatomys caurinus computed
from distance matrix based on standardized characters and clustered by unweighted pair-group method using arithmetic averages
(UPGMA). OTUs consist of geographic samples of combined sexes. The cophenetic correlation for the phenogram is 0.87.

nogram showing the relationship among eight geo- oblique length of bulla, and length of maxillary
graphic samples of Steatomys caurinus is illustrated toothrow show relatively low values for component
in Fig. 5. The cophenetic correlation coefficient for [. Component II is influenced positively by oblique
the phenogram is 0.87. The OTUs separate into two length of bulla and negatively by length of mandib-
major groups. The upper one (OTUs 3, 6, 4,9, and ular toothrow, whereas component III has a high
10) includes individuals of medium to large cranial positive value for length of maxillary toothrow and
dimensions. This group further clusters into two a high negative value for interorbital breadth.

subgroups—OTUs 9 (Tyenko) and 10 (Diali) from Examination of the three-dimensional plot of the
the Ivory Coast are included in one subgroup, and principal components (Fig. 6) reveals a pattern of

OTUs 3 (Pirisi, Ghana), 4 (Gudi, Nigeria), and 6 variation in accordance with that shown in the dis-
(Cella, Upper Volta) in a second subgroup. Of these tance phenogram (Fig. 5). OTUs 5, 7, and 11 form

two subgroups, the former subgroup consists of the one main group on the left, with each OTU distantly
larger sized individuals of the two subgroups. Al- separated from each other. The other major group-
though OTUs 9 and 10 are paired together on the ing, consisting of OTUs 3, 4, 6,9, and 10 forms two
phenogram, they are well separated by phenetic subclusters with OTUs 3, 4, and 6 constituting the
distance. The lower major group consists of three one and OTUs 9 and 10 the other.
OTUs paired together but well separated by phe- This projection plot indicates that OTU 11 con-
netic distance; OTUs 5 and 7 from Upper Volta, sists of individuals with small overall cranial size,
and OTU 11 from Yama and Sienso, Ivory Coast. especially with short and narrow skulls (Table 6).
The first three principal components computed Although the overall length of bulla, including mas-
from the matrix of correlation among 12 cranial toidal portion, is long, the audital portion, as ex-
characters for eight geographic samples (OTUs) of pressed in component II, is shortened. Component
Steatomys caurinus are presented in Fig. 6. The IT also indicates a relatively long mandibular tooth-
amount of phenetic variation represented in each of row compared to OTUs 5 and 7. Interorbital
the first three components is 60.1% for component breadth of individuals of OTU 11 is narrow as
I, 16.3% for component II, and 10.2% for compo- shown by the negative influence of this character
nent I, for a total expression of 86.6% of the total on component [II. Component III indicates a long
phenetic variation. A factor matrix of character maxillary toothrow for OTU 11.
loadings from correlation among the 12 cranial char- OTUs 5 and 7 from Upper Volta are small in
acters is given in Table 6. From Table 6, it can be overall size. Both are well separated from OTU 11
seen that the first, and by far the most important, in components I and IIl by the characters men-
component is heavily influenced by general cranial tioned above. In spite of having generally short and
size; especially those measurements expressing narrow skulls, their scores for component III indi-
length of skull, breadth of zygoma and rostrum, and cate a relatively broad interorbital region and short

greatest length of bulla. Interorbital breadth, maxillary toothrow, the latter corresponding with
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Fig. 6.—Three-dimensional projection of eight samples of Steatomys caurinus on to the first three principal components based upon
a matrix of correlation among 12 cranial measurements. OTUs consist of geographic samples of combined sexes. See Fig. 2 and text
for key to localities included in each OTU. Component I accounts for 60.1% of the phenetic variation, component II for 16.3%, and
component 111 for 10.2% for a combined expression of 86.6% of the total variation.

their short mandibular toothrow as expressed on
component II.

The other geographic samples from Ivory Coast
(OTUs 9 and 10), represented by a maximum of five
and three specimens, respectively, contain large in-
dividuals. These OTUs are essentially equal in skull
dimensions as expressed in compenents I and 111,
but separate somewhat based on component II—an
expression of length of auditory bulla and, inverse-
ly, length of mandibular toothrow.

The OTUs 3, 4, and 6 are all represented by large
sample sizes (minimum of 18 specimens), and are
morphologically identical even though 1,200 km
separate OTU 3 from 4. Other than slight differ-
ences in overall size of skull, and slightly narrower
interorbital region and longer maxillary toothrow,
OTUs 3, 4, and 6 differ little from OTUs 9 and 10.

Taxonomic Conclusions

Based on our assessment of geographic variation,
we have separated S. caurinus into two taxonomi-
cally recognizable populations. The smallest indi-
viduals in the species belong to the population from
Yama and Sienso in northwestern Ivory Coast and
are herein described as a new subspecies. A second
subspecies, S. caurinus caurinus Thomas, 1912,
represented by mice of medium to large size, is
known from Tyenko and Diali, Ivory Coast, Upper
Volta, Ghana, Togo, Benin, and Nigeria. OTUs 2
and 6 from Upper Volta represent relatively small
individuals, but, considering the small sample sizes
and geographic distribution of the OTUs involved,
is retained in S. c¢. caurinus. Further samples are
required from within the areas between the Yama
and Sienso (Ivory Coast) localities and Ghana
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(OTU 2) and Upper Volta (OTUs 5 and 7) popula-
tions in order to determine the distribution of the
new subspecies and its relationships to the popu-
lations at the latter localities. Also the taxonomic
and distributional status of the individuals of large
size from Tyenko (OTU 9) and Diali (OTU 10),
Ivory Coast, is deserving of additional study.

Steatomys caurinus caurinus Thomas, 1912

1912. Steatomys caurinus Thomas, Ann. Mag. Nat. Hist., ser.
9, 9:271, February.

1977. Steatomys pratensis caurinus, Coetzee, in Meester and
Setzer (eds.), The mammals of Africa . . ., Smithsonian
Inst. Press, 6-8:1-4.

Holotype.—Young adult female (age category
III), skin and skull BMNH 12.1.16.24, from Pan-
yam, 4,000 ft, Nigeria; obtained 13 July 1911 by
Rev. G. T. Fox, original number 47. Skin in good
condition; skull with left occipital region broken,
both bullae separated from skull but repaired with
glue, left zygoma broken.

Measurements of holotype.—Total length, 164;
length of tail, 54; length of hindfoot, 19; length of
ear, 19; greatest length of skull, 27.3; interorbital
breadth, 3.9; rostral breadth, 4.8; length of maxil-
lary toothrow, 4.0; breadth across upper molars,
6.1; length of anterior palatal foramen, 5.0; length
of diastema, 7.2; length of mandibular toothrow,
3.4,

Distribution.—Known from Ivory Coast (Tyenko
and Diali), Upper Volta, western and northern
Ghana, northern Togo and Benin, and central Ni-
geria. Literature records indicate its occurrence in
Senegal as well.

Comparisons.—For comparisons of Steatomys
caurinis caurinus with other taxa from West Afri-
ca, see each of the following accounts.

Remarks.—The subspecies §. ¢. caurinus con-
sists of individuals of medium to large size for the
species and seems to occur over an extensive geo-
graphic area from at least Ivory Coast east to Ni-
geria, although originally known only from Nigeria
(Thomas, 19124, 1912k). Within this area, speci-
mens are generally uniform in size and in shape of
skull. In the Ivory Coast, specimens of two sizes
have been reported by Heim de Balsac (1967). For
additional comments on this material, see the fol-
lowing account.

Steatomys caurinus was reported from Bandia,
Senegal, by Hubert et al. (1973). Heim de Balsac
(1967:219) reported a large and a small Steatomys

from M’'Bour, Senegal. We are accepting both lo-
cality records as S. caurinus at this time but are
unable to assign with certainty this material to sub-
species. Because the relationship of the Senegalese
specimens could well be to the populations of the
Sudan Woodland of Upper Volta, we are listing the
literature records under the nominate subspecies.
Based on these published reports, it appears that
the only locality of sympatry between S. caurinus
and S. cuppedius in West Africa would be M’'Bour,
Senegal.

Specimens examined (196).—BENIN: Kouande, 1 (USNM).
GHANA: Bawku, 1,400 ft, 1 (BMNH); Bangwon, 5 (USNM);
Pirisi, 43 (USNM); Sakpa, 1 (USNM). Ivory Coast: Bouna, 1
(USNM); Diali, 14 (USNM); Tyenko, 12 (USNM). NIGERIA: 3
mi E Gudi, 52 (USNM); Panyam, 4,000 ft, 11 (BMNH). Toco:
Dapango, 1 (USNM); 1 km N Cella, 48 (USNM); Dio, 1
(USNM); Fo, 1 (USNM); 36 mi SE Nayoure, 1 (USNM).

Additional records.—Ivory Coast: Lamto (Bellier, 1967;
Heim de Balsac and Bellier, 1967:159; Bellier and Gatun,
1968:708, Heim de Balsac, 1967:215-219); Bouake (Heim de Bal-
sac, 1967; Heim de Balsac and Bellier, 1967:159; Bellier and
Gatun, 1968:708). SENEGAL: Bandia (Hubert et al., 1973:81),
M’Bour (Heim de Balsac, 1967:219).

Steatomys caurinus roseveari, new subspecies

Holotype.—Adult male, skin and skull, USNM
467496, from Yama, Ivory Coast; obtained on 22
March 1969 by L. W. Robbins, original number
1106. Skin in good condition, missing left front foot;
skull in good condition, nasals damaged.

Measturements of holotype.—Total length, 156;
length of tail, 47; length of hindfoot, 18; length of
ear, 17; weight, 42 g; condylobasal length, 25.3; zy-
gomatic breadth, 13.0; interorbital breadth, 4.1 ros-
tral breadth, 5.0; oblique length of bulla, 5.5; great-
est length of bulla, 9.1; length of maxillary
toothrow, 4.2; breadth across upper molars, 5.8;
length of anterior palatal foramen, 5.6; length of
posterior palatal foramen, 0.4; height of skull, 9.9;
and length of mandibular toothrow, 3.2. Additional
measurements are listed in Tables 3, 4, and S.

Distribution .—At present known only from Sien-
so and Yama in northwestern Ivory Coast.

Comparisons.—Steatomys caurinus rosevedari
can be distinguished from S. c¢. caurinus by its
smaller size, especially cranial dimensions. Most
characteristic of this new subspecies are short and
narrow skulls with relatively narrow interorbital re-
gion and long maxillary and mandibular toothrows.
From S. jacksoni and S. cuppedius, S. c. roseveari
can be separated as for the species.

Remarks.—Heim de Balsac (1967) considered the



74 BULLETIN CARNEGIE MUSEUM OF NATURAL HISTORY NO. 6

taxonomic status of Srearomys in the Ivory Coast
but failed to put specific epithets on his specimens.
Heim de Balsac (1967:216-220) reported large and
small specimens from Bouake and Lamto. Without
having examined these specimens, we are unable to
make a definitive judgment. It is possible these
differences are attributable to nongeographic vari-
ation such as age (certainly at least specimens A
and D in figure 14 of Heim de Balsac, 1967, are
young animals) or there might be two distinct taxa
represented. S. caurinus roseveari is smaller than
the nominate subspecies. The small form reported
by Heim de Balsac (1967) might represent this new
subspecies. If this were true, and it was sympatric
with S. caurinus caurinus, then each must be rec-
ognized as distinct species. In the geographic sam-
ple from Tyenko (OTU 9) or Diali (OTU 10) we
could not find any evidence of intergradation or of
two distinct morphotypes being present. For now
we consider these small individuals from Tyenko
and Diali to be a subspecies of S. caurinis.

Etymology.—This new subspecies is named for D. R. Rosev-
ear who has contributed much, both in the field and in print, to
the study of the mammals of West Africa. His monumental writ-
ten contributions will serve for many years as a primary refer-
ence for anyone interested in bats, rodents, or carnivores of this
fascinating region of Africa. For his abundant contributions after
his retirement and return to England from Nigeria, all who study
small mammals in West Africa owe him a large amount of grat-
itude.

Specimens examined (75).—Ivory CoasT: Sienso, 6 (USNM);
Yama, 69 (USNM).

Steatomys cuppedius Thomas and Hinton, 1920

Geographic distribution of species.—Known
from northern Nigeria, southern Niger, and Sene-
gal.

Diagnosis.—Small, both externally and cranially,
for the genus in West Africa; condylobasal length
of skull less than 20.7 mm; length of maxillary
toothrow usually less than 4.0 mm; pelage pale in
color, with individual hairs soft.

Comparisons.—From all other species of Stea-
tomys occurring in West Africa, S. cuppedius can
be separated by its small size, both externally and
cranially. Skulls of S. cuppedius are less than 20.7
mm in condylobasal length in age category I1I in-
dividuals.

Geographic Variation

Univariate analysis. —Five external and 14 cra-
nial measurements of age category III individuals
of Steatomys cuppedius from Senegal and Nigeria

were examined for geographic variation. The geo-
graphic sample from Senegal is larger in size than
is the one from Nigeria (Table 4). Of age category
111 individuals, four measurements (total length,
weight, greatest length of skull, and oblique length
of bulla) of the populations from Senegal were sig-
nificantly larger than those from Nigeria. Nine other
measurements averaged larger and four averaged
smaller, whereas two were equal in size (Table 4).
Only small samples of age category IV were avail-
able for analysis of geographic variation (Table 5).
A trend similar to that found in age category III is
not indicated in such small samples.

Taxonomic Conclusions

Only three geographic samples of S. cuppedius
were examined—a single individual from Niger and
two geographic samples of sizeable proportions from
Senegal and Nigeria. Considering the distance of
approximately 2,500 km between the geographic
samples from Senegal and Nigeria, the geographic
variation present is not striking. Taxonomic separa-
tion of these localities is not warranted; we con-
sider Sreatomys cuppedius to be a monotypic spe-
cies.

Steatomys cuppedius Thomas and Hinton, 1920

1920. Steatomys cuppedius Thomas and Hinton, Novit. Zool.,
27:318, 15 June.

1977. Steatomys parvus cuppedius, Coetzee, in Meester and
Setzer (eds.), The mammals of Africa . .., Smithsonian
Inst. Press, 6.8:1-4.

Holotype.—Adult female (age category 1V), skin
and skull, BMNH 21.2.11.85, from Farniso (=Pan-
isau), near Kano, 1,700 ft, Nigeria; obtained 29 De-
cember 1919 by A. Buchanan, original number 70.
Skin in good condition; skull in fair condition, left
zygoma broken.

Measurements of holotype.—Total length, 124;
length of tail, 43; length of hindfoot, 14; length of
ear, 14; greatest length of skull, 21.3; condylobasal
length, 20.4; interorbital breadth, 3.6; rostral
breadth, 4.2; greatest length of bulla, 7.7; breadth
across upper molars, 5.2; length of anterior palatal
foramen, 8.8: length of diastema, 5.2; height of
skull, 8.0; length of mandibular toothrow, 3.0.

Distribution.—This species is known from cen-
tral Nigeria, Niger, and Senegal.

Comparisons.—See comparisons for species.

Remarks.—Originally described from material
from northern Nigeria (Thomas and Hinton, 1920,
1921), Steatomys cuppedius has been uncommon in
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coliections of rodents from West Africa. Thomas
(1925:194) reported a single specimen from Gan-
gara, Niger, a locality across the Nigerian border
to the northeast from the type locality. Although
large numbers of Steatomys from Upper Volta were
available, none proved to be S. cuppedius. If the
latter occurs in Upper Volta, it will probably be
found in the extreme north and have a distribution
similar to Gerbillus nigeriae, as it seems to have in
Nigeria.

There seems to be some doubt as to the identity
of the skulls reported from owl pellets by Heim de
Balsac (1965). Later, Heim de Balsac and Bellier
(1967) indicate that the material from ‘“‘nord de
Saint-Louis du Senegal’’ and “‘au voisinage de
M’Bour” was smaller than the material obtained in
Ivory Coast. If this is true, it is likely this Sene-
galese material belongs to S. cuppedius although we
are unable to identify it with certainty. We have
included these records under the additional records
of this species.

Specimens examined (113).—NIGER. Gangara, 1,400 ft, 1
{(BMNH). NiGeria: Farniso, near Kano, 1,700 ft, 6 (BMNH);
Panisau, 55 (USNM). SENEGAL: 17 km NE Kiourbel, | (USNM);
15 km N Karrfine, 16 (USNM); 6 km E Kaolack, 7 (USNM);
Koungheul, 27 (USNM).

Additional records.—SENEGAL: north of St. Louis, (Heim de
Balsac, 1967:219; Heim de Balsac and Bellier, 1967:159);
M’Bour (Heim de Balsac and Bellier, 1967:159).

Steatomys jacksoni Hayman, 1936

Geographic distribution of species.—Known
only from the type locality, Wenchi, Ashanti [dis-
trict], Ghana.

Diagnosis.—Size large, both externally and cra-
nially, for genus in West Africa; skull long and rel-
atively narrow; interparietal bone long, 4.5 mm in
length.

Comparisons.—For comparisons with S. cuppe-
dins and S. caurinus, see accounts of that species
and for additional comments, see section ‘‘Rela-
tionships of Species.”

Steatomys jacksoni Hayman, 1936

1936. Steatomiys jacksoni Hayman, Proc. Zool. Soc. London,
for 1935, pp. 930, 10 January.

1977. Steatomys pratensis jacksoni, Coetzee, in Meester and
Setzer (eds.), The mammals of Africa . . ., Smithsonian
Inst. Press, 6.8:1-4.

Holotype.—Young adult male (young age cate-
gory 1V), skin and skull BMNH 35.1.30.157, from
Wenchi, Ashanti, Ghana; obtained 18 January 1934
by W. P. Lowe, original number 104. Skin and skull
in good condition.

Measurements of holotype.—Total length, 170;
length of tail, 50; length of hindfoot, 18; length of
ear, 18; greatest length of skull, 28.5; condylobasal
length, 27.1: zygomatic breadth, 12.9; interorbital
breadth, 4.0; rostral breadth, 5.3; oblique length of
bulla, 5.8; greatest length of bulla, 9.6; length of
maxillary toothrow, 4.0; breadth across upper mo-
lars, 6.1; length of anterior palatal foramen, 5.7;
length of diastema, 7.2; height of skull, 10.0; length
of mandibular toothrow, 3.7.

Distribution.—Same as given above.

Comparisons.—See comparisons given above,

Remarks.—We prefer to retain this taxon as a
valid species based solely on the size and shape of
the interparietal bone. Additional material from the
type locality is required before a critical evaluation
of variation in the interparietal bone can be made.

Specimens examined (1).—GHANA: Wenchi, Ashanti, |
(BMNH).
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GAZETTEER

Names of geographic features listed below are those used in
the text. The primary sources for spellings and coordinates of
localities were the individual specimen tags and the gazetteers of
the United States Board on Geographic Names (prepared by the
Office of Geography, Department of Interior).

BENIN: Kouande 1020 N, 01 41 E
GHANA: Bangwon 10 58§ N, 0241 W
Bawku I105N,0011W

Pirisi 1007 N, 02 27 W

Sakpa 08 52 N, 0221 W
Wenchi 0745 N, 0202 W
Ivory COAST: Bouake 07 41 N, 0502 W
Bouna 09 16 N, 03 00 W

Diali 0703 N, 0537 W

Katiola 08 08 N, 05 06 W
Lamto 06 12 N, 04 58 W
Ouango Fitini 0934 N, 04 03 W
Sienso 0925 N,07 31 W
Tyenko 08 14 N, 0724 W
Yama 09 36 N, 06 19 W

NO. 6
NIGER: Gangara ca. 14 00 N, 09 00 E
NIGERIA: Farniso [=Panisau]
Gudi 08 54 N, 08 17 E
Panisau (Panisa) 1143 N, 0732 E
SENEGAL: Bandia 1437 N, 1702 W
Diourbel 1440 N, 16 15 W
Kaffrine 1406 N, 1533 W
Kaolack 1406 N, 16 33 W
Koungheul 1359 N, 1448 W
M’Bour 14 24 N, 16 58 W
St. Louis 16 02 N, 16 30 W
Toco: Dapango 1052 N, 00 13 E
Wulehe 08 40 N, 00 00
UprPER VoLTA:  Barga I3SIN,0212W
Cella 1138 N, 0022 W
Dio 1320 N, 0238 W
Fo 11 53 N, 0431 W
Nayoure 12 15N,00 16 E
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A CRITICAL EXAMINATION OF ALLEGED SIBLING SPECIES IN
THE LESSER THREE-TOED JERBOAS (SUBGENUS JACULUS)
OF THE NORTH AFRICAN AND ARABIAN DESERTS

DAVID L. HARRISON

Harrison Zoological Museum, Bowerwood House, St. Botolph’s Road, Sevenoaks, Kent, England

ABSTRACT

Alleged sibling speciation in the lesser three-toed jerboas is
considered. Variation in supposed diagnostic characters is ex-

amined. Jaculus deserti Loche, 1867, is shown to be a junior
synonym of J. jaculus Linnaeus, 1758.

INTRODUCTION

Ellerman and Morrison-Scott (1951) in their com-
prehensive review of Palaecarctic mammals recog-
nized only three species of this subgenus, namely
Jaculus jaculus Linnaeus, 1758, Jaculus blanfordi
Murray, 1884, and Jaculus orientalis Erxleben,
1777. The validity of these three taxa is not in
doubt, but recently the suggestion has been made
(Ranck, 1968) that two sibling species exist within
the populations of the lesser three-toed jerboa, Ja-
culus jaculus, occurring in northern Africa and the
Arabian Peninsula. For one of these sibling species
Ranck (1968) has employed an old taxon, Jaculus
deserti, based on Dipus deserti Loche, 1867.

Ranck (1968) keyed these two species as follows:

Dorsal color dark; two foramina on angular
process of mandible; sole of hind foot and
matatarsal area suffused with brownish
hairs J. deserti

Dorsal color pale; a single foramen on an-
gular process of mandible; sole of hind
foot and metatarsal area white or buff and
lacking suffusion of brownish hairs ......

J. jaculus

Ranck (1968) gave the range of his J. deserti as
Arabia, Iraq, Israel, Sinai, Egypt, Libya, and Al-
geria and referred the following taxa as subspecies
of it: J. deserti deserti Loche, 1867; J. deserti vas-
tus Ranck, 1968; J. deserti rarus Ranck, 1968; J.
deserti fuscipes Ranck, 1968; J. deserti favillus
Setzer, 1955; J. deserti schiuteri Nehring, 1901; J.
deserti vocator Thomas, 1921; and J. deserti loftusi
Blanford, 1875.

For Jaculus jaculus Ranck (1968) gave the gen-
eral range as Iraq, Syria, Lebanon, Israel, Jordan,
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Saudi Arabia, and North Africa south through the
Sahara including Sudan, Chad, Niger, Mauritania,
and Spanish Sahara. To this species Ranck referred
the following taxa: Jaculus jaculus jaculus 1in-
naeus, 1758:J. jaculus arenaceous Ranck, 1968; J.
Jaculus collinsi Ranck, 1968; J. jaculus cufrensis
Ranck, 1968; J. jaculus tripolitanicus Ranck, 1968;
J. jaculus whitchurchi Ranck, 1968; J. jaculus sef-
rius Thomas and Hinton, 1921; J. jaculus centralis
Thomas and Hinton, 1921; J. jaculus butleri Thom-
as, 1922. Other subspecies not specifically allocated
by Ranck include J. jaculus airensis Thomas and
Hinton, 1921; J. jaculus favouicus Thomas, 1913;
J. jaculus gordoni Thomas, 1903; and J. jaculus vul-
turnus Thomas 1913,

Harrison (1972), reviewing the material of Jacu-
lus from the Arabian Peninsula, has already thrown
doubt on the validity of these ‘‘sibling species,”
stating 'T am quite unable to distinguish two small
species of Jaculus in the extensive Arabian material
examined . .. individual variation in both color-
ation of the soles and size and number of the an-
gular foramina is so extensive and random in the
Arabian jerboas that the definition of two species
on this basis appears quite impossible.”’

As a preliminary part of an extended investiga-
tion of geographical variation in Jaculus, it ap-
peared necessary to make a critical examination of
Ranck’s sibling species criteria in North African as
well as in the Arabian populations, in order to eval-
uate the problem more fully and prevent further
systematic confusion. That is the purpose of the
present study, which is not intended in any other
way as a revision of the numerous geographical
forms listed above. Such a revision must clearly
await far more detailed and extensive research.
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Fig. 1.—Examples of the angular processes of two specimens of Jaculus jaculus from Algeria and Saudi Arabia showing variation in
angular foramina. Angular formina scores are 1 - 2 above and 2 - 1 below. Abbreviations are R (right) and L (left); numbers are registry

numbers for specimens in the Harrison Zoological Museum (HZM).

METHODS

Coloration

Of the characters employed by Ranck to separate J. deserti
and J. jaculus, both dorsal coloration and sole coloration are
necessarily somewhat subjective, but have been found suscep-
tible to the method of scoring listed below, in each specimen
examined:

Dorsal coloration

1. Pallid sandy Paler
2. Grayish sandy

3. Brownish sandy Darker
Sole coloration

1. White Paler
2. Buff !
3. Brown Darker

A major source of confusion has been found to occur in the
case of sole coloration in Jaculus, namely discoloration of the
sole and digital brushes by the substrate. A most striking ex-
ample of this was seen in a series of skins from In Amenas,
Algeria, in which the soles and digital brushes are bright or-
ange—until washed with water, when the orange discoloration
disappears, leaving a white condition. With experience it is usu-
ally possible to distinguish discoloration from true pigmentation
and washing is seldom reguired.

Angular Foramina

Fortunately, the angular foramina are easily evaluated and can
be counted and recorded with stereomicroscopic drawings. Un-
fortunately, the angular process is delicate and hence often bro-
ken in preparation. It is pertinent to observe here that the angular
foramina represent unossified areas in bone, which are occupied
by membrane in life, a fact which no doubt accounts for their
great variability, both in size and number.

These criteria have been recorded for each specimen exam-
ined and the results are summarized below in tabular form with
all Arabian material and all North African material arranged in
two separate groups. In these tables the scores for each speci-
men are arranged with dorsal coloration, sole coloration, and
foramen counts for the right and left mandible in series from left
to right, thus a score of 2:2:2-2 would indicate an animal with
intermediate coloration of the dorsum and soles and two angular
foramina on each side. The results are simply expressed as the
number of individuals from each group showing each numerical
score (where a mandibular foramen is broken or absent it is
scored as x). Only those specimens able to provide a combina-
tion of dorsal and sole coloration with one or both angular fo-
ramen counts are included in this study; skins without skulls and
skulls without skins are excluded. Each score is listed as being
compatible (COM), incompatible (NC), or intermediate (INT).
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RESULTS AND DISCUSSION

It is clear that if Ranck’s hypothesis of two sibling
species is correct, based on the characters given in
his key, then both in African and Arabian popula-
tions two groups of scores ought to predominate in
these results:

Table 1.—Scores obtained in this study for dorsal coloration,

sole coloration, and angular foramina counts of Jaculus. Num-

ber of individuals with each score is indicated for each continent.

COM = compatible, NC = not compatible, and INT = inter-
mediate scores for Ranck’s decision.

Arabian
Compatibility Score Peninsula Africa
COM 1:1:1 -1 4 2
COM 11X -1 2 2
COM i -X 0 2
NC I:1:1-2 2 0
NC 1:1:2-2 1 0
NC 1:1:2- X | 1
NC 111X -2 1 2
COM 1:2:1-1 1 19
COM 1:2:X -1 0 4
COM 1:2:1-X 0 1
NC 1:2:1-2 0 4
NC 1:2:2-1 0 3
INT 1:2:2-2 4 16
INT 1:2:2-X 2 6
INT 1:2:X -2 3 5
INT 1:2:2-3 0 3
INT 1:2:3-3 0 1
INT 1:2:2-X 0 2
INT 1:3:2-2 0 2
INT 1:3:2-X 1 2
NC 1:3:1 - X 1 0
INT 2:2:1-1 S 4
INT 2:2:X-0 1 0
INT 2:2:X - 1 3 3
INT 2:2:1-X 3 0
NC 2:2:1-2 1 0
NC 2:2:1-3 0 2
INT 2:2:2-2 8 5
INT 2:2:2-X 5 0
INT 2:2:X -2 5 4
NC 2:2:2-1 2 2
INT 2:2:3-2 1 1
INT 2:1:2-2 2 0
INT 2:1:2-X 1 0
COM 2:3:2-2 2 0
COM 2:3:2-X 2 0
COM 2:3:X -2 2 0
NC 2:3:X -1 1 0
COM 3:3:X -2 0 1
NC 3:2:2-1 0 1

3:3:2-2
3:2:2-2
2:3:2-2

indicating the deserti species with dark or darkish
dorsum and soles and two angular foramina. On the
other hand, the following scores:

1:1:1-1
2:1:1-1
1:2:1-1

would indicate the jaculus species with pallid or
palish dorsum and soles but one angular foramen.

On the other hand, scores including angular fo-
ramen counts of 2 - 1 or 1 - 2 ought not to occur at
all, indicating both species foramen count in one
individual (Fig. 1), and scores of

[:1:2-2
3:3:1-1

similarly should not occur at all, whereas the oc-
currence of many intermediate scores must cast fur-
ther doubt on the validity of the hypothesis.

In both African and Arabian jerboas, scores for
the angular foramina of 1 - 2 and 2 - 1 occur with
such frequency (Table 1, Fig. 1) that on this con-
sideration alone the sibling species hypothesis as
advanced by Ranck simply cannot be upheld. Fur-
thermore, the predicted scores for the two species
do not predominate; other incompatible scores also
occur at an unacceptable high incidence and inter-
mediate scores form the highest percentage in both
populations. The number of individuals assessed
and percentage occurrences of compatible, incom-
patible, and intermediate scores are given in Table
2.

Table 2.—Sumimary of compatibility resudts for Jaculus from

Table 1.
Arabia Africa
Per- Per-
Compatibility Number centage Number centage
Compatible 13 19 31 31
Incompatible 10 15 15 15
Intermediate 44 66 54 54

Total 67 100
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! CONCLUSIONS

It is suggested that the number of angular foram-
ina in Jaculus is a matter of random individual vari-
ation, often differing in the two mandibles of an
individual. It is further suggested that pallid or dark-
er dorsal coloration and sole brushes are in reality
related to substrate coloration in Jaculus and rep-
resent the effect of selection in producing ‘‘sub-

’

strate races’ more or less protected by cryptic re-
semblance to the predominant substrate, as has
been well demonstrated in the three-toed jerboa and
many other desert rodents (Harrison, 1975). The
concept of two sibling species within Jaculus ja-
culus populations on the basis proposed by Ranck
(1968) is rejected.

ACKNOWLEDGMENTS

The author is much indebted to J. Edwards Hill and staff of
the Mammal Section, British Museum (Natural History), for
kindly providing facilities to examine material of Jaculus in the
National collection and to all those who have donated material
of this species to the Harrison Zoological Museum, including T.

Bickley, P. A. Clancey, M. D. Gallagher, D. Grant, J. G. Har-
rison, H. Hovel, S. Howe, M. K. Lambert, M. Legg, R. E.
Lewis, T. D. Rogers, G. B. Stafford, S. Seligman, and Sheikh
Zaid bin Sultan.

LITERATURE CITED

ELLERMAN, J. R.,AND T. C. S. MORRISON-ScOTT. 1951. Cheek-
list of Palaearctic and Indian Mammals 1758 to 1946. Brit.
Mus. (Nat. Hist.), London, 810 pp.

HARRISON, D. L. 1972. The mammals of Arabia: Lagomorpha,
Rodentia. E. Benn Ltd., London, 3:xvii + 384-670.

. 1975. Desert coloration in rodents, Pp. 269-276, in Ro-

dents in desert environments (I. Prakash and P. K. Ghosh,
eds.), W. Junk, The Hague, xvi + 624 pp.

RANCK, G. L. 1968. The rodents of Libya, taxonomy, ecology
and zoogeographical relationship. Bull. U. S. Nat. Mus.,
275:vii + 1-264.



ENERGETICS OF SURVIVAL IN HETEROCEPHALUS GLABER
(RUPPELL), THE NAKED MOLE-RAT
(RODENTIA: BATHYERGIDAE)

J. U. M. JARVIS
Zoology Department, University of Cape Town, Rondebosch, Cape Province 7700, Republic of South Africa

ABSTRACT

Heterocephalus glaber, a colonial mole-rat, has a highly struc-
tured social system with a worker and non-worker class and a
dominant breeding female. Recruitment rates for the colony and
growth rates of the young are very low. Unusual features in its
physiology (a high rate of thermal conductance, a low basal me-
tabolic rate, a low body temperature, and poor ability to ther-

moregulate) have in the past been regarded solely as adaptations
to the high temperature and humidity of the burrows in which
mole-rats live. It is here suggested that food is limiting to Het-
erocephalus and that many of its unusual features can be attrib-
uted to the need to maintain a low energy budget for the colony.

INTRODUCTION

Heterocephalus glaber, the naked mole-rat is a
small colonial rodent with an average weight of
about 35 g. It occurs in arid regions of Kenya,
Ethiopia, and Somalia—areas characterized by a
low mean annual temperature amplitude, diurnal
ambient temperatures of above 27°C, and an annual
rainfall of less than 700 mm. Vegetation in these
areas is sparse and many plants have swollen sub-
terranean portions; these form the main food for
Heterocephalus.

Heterocephalus lives underground in a burrow
system, which consists of extensive foraging bur-
rows running at root or tuber level and a deeper
nest area. The ground is very hard and the burrows
semipermanent (Jarvis and Sale, 1971). The tubers
and bulbs, on which they feed, are found by the
energetically expensive method of extending the
foraging burrows in an apparently random direction
until food is encountered. From the burrow pattern,
it appears that once a tuber has been located, the
neighborhood is then searched thoroughly—seem-
ingly in response to the fact that many tubers re-
produce vegetatively and tend to occur in patches.
Once located, large items of food such as tubers are
left growing and are gradually hollowed out by the
mole-rats, small food items are carried to the nest
area and eaten there.

The microclimate in all but the very superficial
portions of the burrow system is extremely uni-
form, with humidities (usually) above 90% and tem-
peratures between 30 and 32°C. The mole-rats avoid
extreme temperatures in the superficial burrows by
restricting their burrowing activities to early morn-
ing and late afternoon.

Heterocephalus has a skin that is hairless, except
for scattered sinusoidal hairs all over the body; it
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is well vascularized but lacks sweat glands and the
normal mammalian layer of subcutaneous fat (Thig-
pen, 1940). Consequently, these mole-rats have
very high rates of thermal conductance (McNab,
1966). In laboratory studies on single naked mole-
rats, McNab (1966, 1968) found them to have a me-
tabolic rate that was less than 40% of that expected,
a body temperature of about 32°C, and the poorest
capacity for thermoregulation of any known mam-
mal. My own findings confirm these observations
(Withers and Jarvis, in preparation). McNab sug-
gests that these modifications reduce the probability
of overheating in an environment where evapora-
tive and convective cooling are greatly reduced.

All previous physiological studies on Hetero-
cephalus (McNab, 1965, 1966, 1968) have been con-
fined to isolated animals. However, my observa-
tions on captive colonies of naked mole-rats have
shown them to be highly social rodents. Members
of the colony have specific roles in that there are
worker and non-worker classes and a dominant
breeding female. Furthermore, mutual contact and
huddling are important to the mole-rats. I, there-
fore, suggest that any explanation of their physiol-
ogy, which does not consider their sociality as well
as more aspects of their habitat than just tempera-
ture, will at best only give partial answers to the
questions raised. This paper attempts to summarize
and synthesize our present knowledge of the ecol-
ogy, physiology, and ethology of these mole-rats
and to suggest ways in which these have been in-
fluenced by the environmental pressures to which
these mole-rats are subjected. More detailed ac-
counts of their social structure and of the physiol-
ogy of grouped and not single mole-rats will be pub-
lished later.
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MATERIALS AND METHODS

Naked mole-rats were caught by opening a foraging burrow
and pushing a spade down behind any animal coming to inves-
tigate the damaged burrow. Because of this method, only the
worker class of mole-rats were caught. Monthly samples of ap-
proximately 30 mole-rats were caught in this way at Mtito Andei,
Kenya (240 km southeast of Nairobi), over a complete calendar
year. From these animals data on body measurements, repro-
ductive condition, and stomach contents were obtained.

Fifty live mole-rats were collected in the same way at Mtito
Andei in early 1974 and established in three “*colonies’ in the
laboratory in Cape Town. After approximately one year each
colony had established its social hierarchy and individuals from
one colony were marked with subcutaneous injections of india
ink, to enable a more detailed study of the social structure of a
colony. The two other colonies were used in physiological stud-
ies and left undisturbed for breeding.

The preferred ambient temperature range of Heterocephalus
was determined by establishing a temperature gradient (21°C to
40°C) in a terrarium housing one of the colonies and observing
the temperatures selected by single and huddling members of
the colony. Observations were made at 10 min intervals and the
number of mole-rats sleeping singly or huddled was noted.

Emphasis in the physiological studies was placed on the re-
sponses of the mole-rats to a temperature range that approxi-
mated the normal burrow temperature. The temperature selec-
tion studies, and also field measurements, suggested that the
normal burrow temperature lies close to 32°C. McNab (1966)

demonstrated that, below 20°C and above about 36°C, Hetero-
cephalus almost completely abandons any attempt to thermo-
regulate—again suggesting that these temperatures lie outside
those normally experienced by the mole-rats. For these reasons,
my investigations into the effect of temperature on the metabolic
rate of Heterocephalus were limited to ambient temperatures
lying between 20°C and 34°C.

For the metabolic studies, mole-rats were placed in clear per-
spex containers in a constant temperature chamber. Dried air
was drawn through the containers at a known flow rate, which
could be varied to suit the experimental temperature and the
number of mole-rats in the container. Samples of air were drawn
off the air stream and these were analyzed in a Beckman oxygen
analyzer OM-1L. The activity of the mole-rats and the chamber
temperature was monitored throughout the experiment. At the
end of each experiment, the rectal body temperature of each
mole-rat was taken using a Bailey Bat-4 laboratory thermometer
with attached microprobe. The environmental temperatures used
were 20°C, 25°C, 30°C, and 34°C, with the mole-rats in groups
of four or singly. The mole-rats were not postabsorptive when
placed in the chamber; the emphasis of this study was on deter-
mining the responses of mole-rats under as normal a situation as
possible. Mole-rats feed intermittently throughout the day and
experimental animals were removed from the colony as re-
quired. It is highly likely that the animals used in successive
experiments were at about the same absorptive stage.

RESULTS

Social Organization

The social structure of the established colony
consisted of a single dominant female weighing 53
g, ten mole-rats of both sexes forming the working
class and with an average weight of 32 g, and three
non-working mole-rats (two males and one female)
with an average weight of 38 g. A similar distribu-
tion of numbers and sizes appeared to be the pattern
in the other two captive colonies.

The dominant female supresses breeding in all the
other females in the colony. Before the social hi-
erarchy was completely established in the captive
colonies, females coming into estrus at the same
time would fight each other, frequently resulting in
death for one of them. In the established colonies,
this situation never arises and high intensity aggres-
sion is never seen. The breeding female is dominant
over all other mole-rats in the colony. She initiates
courtship and will solicit any male in the colony.
However, it is not yet certain whether all males
successfully copulate with her. Removal of the
dominant female results in another mole-rat assum-
ing the dominant role. This animal appears to come
from the non-working mole-rats, but, as is evi-

denced by the fact that my colonies were estab-
lished from working class animals, the potential for
breeding appears to lie latent in all the females of
the colony.

The litter size of mole-rats born in captivity
ranged from three to 11 young. Death of a newborn
litter may lead to the dominant female breeding
again. However, if the young survive, the female
appears to breed only once a year. One captive fe-
male produced three litters and a total of 24 young
within a period of 6 months, only the last litter sur-
vived and she has not bred again for 11 months. In
the field, breeding appears to be associated with the
rainy season (Jarvis, 1969) and it is possible that in
unusually good years a litter may be born in both
the long and short rains. Growth rates of the young
are exceptionally slow, with juveniles taking at least
a year to attain adult size (Fig. 1). In spite of their
slow maturation rates, the young mole-rats join the
worker class at the age of 2 to 3 months.

The non-working mole-rats are the next largest
animals in the colony. They remain within the con-
fines of the nest area and are only seen when they
emerge to urinate or defecate. Their role in the col-
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